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PREFACE. 



Altbough many valuable books have been written 
upon the subjects treated of in this work, they are, for 
the most party speciallj designed for College students* 
This book has been prepared with special reference to 
the wants of scholars and teachers in High Schools and 
Academies, by one who for more than ten years has been 
a practical teacher and for many years previous a prac- 
tical surveyor. The object has be^i to bring together, 
and put in a form adapted to the use of sueh schools, 
the essential principles of Trigonometry and their most 
common applications. To make the book at the same 
time complete as a guide to the practical suFveycur, sev- 
eral chapters have been added which would otherwise 
have been omitted. 

This book presents, in the space of only sixty-five pages, 
all the essential principles df - Plane Trigonometry by 
both the Geometrical and Analytical Methodsy and their 
application to the measurement of heights and distances, 
with the explanation of all the tables required ; and in 
as many more pages all that is essential to make the work 
complete for the common surveyor. This brevity has 
been attained by stating everything in the most concise 
form consistent with perspicuity, and by describing only* 
such instruments as are absolutely necessary to make tiie 
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principles understood. The description of complicated 
instruments has been omitted, from a belief that an 
hour's actual practice with any instrument is better than 
many hours* study of a description. 

The Geometrical and Analytical methods are so given 
that either can be studied independently of the other, at 
, th6 option of the student or teacher. The calculations in 
the body of the work are performed almost entirely by 
Logarithms, with the design of making the student per- 
fectly familiar with their use. The Rectangular method 
of calculating the area of a survey is put into the most 
concise form. The method of plotting a field explained 
in this treatise is by far the most expeditious and accu- 
rate known, though, so far as the author is aware, it is 
given in no other book now in use. 

Answers have been given to a few only of the examples, 
the object being to throw the student, after suflScient 
preparation, upon his own resources. For the same 
reason, a few examples have been interspersed to which 
no numerical answer can be found. 

The demonstration of Theorem IIL Art. 41, and of 
Eule ni. Art. 105, have been taken from Loomis's Trigo- 
nometry, with the kind permission of the author of that 
work. 

Cahbbidgb, Mass., January, 1864. 



CONTENTS. 



CHAPTER I. 

LOOABITHMB. 

Nature of Logarithms 

Explanation of Table of Logarithms 

Multiplication by Logarithms 

Division by Logarithms 

LiTolntion hj Logarithms 

Eyolation bj Logarithms 



CHAPTER IL 
Gbombtsiojll Dbuhitions 10 



CHAPTER IIL 

LrSTBUVENTS U8BD IH DbAWIKO 15 

Geombtbiojll Pboblbms 17 



CHAPTER IV. 

Planb Tbiookombtbt. — Gbombtbioal Mbthod. 

Definitions of Sine, Tangent, &c SO 

. Yalaes of certain Sines, Tangents, &c., fonnd . . .SI 
Algebraic Signs of the Sines, Tangents, &c. , . . . SS 
Explanation of Tables of $ines. Tangents, &c SS 



Tl CONTENTS. 



CHAPTER V. 

Flans Tbioonometbt. — Geometbioal Method (Continued). 

Solution of Bight-Angled Triangles . , • . . 27 
Solution of Oblique-angled Triangles ..... 80 



^ CHAPTER VI. 

Plane Tbioonometbt. — Analytical Method. 

Definitions of Sine, Tangent, &c. • . . • . 86 

Values of Sines, Tangents, &c., found 39 

Algebraic Signs of the Sines, Tangents, &c . . . . 45 



CHAPTER VII. 

Plane Tbioonometbt. — Analytical Method (Continued), 

Solution of Bight-angled Triangles 48 

Solution of Oblique-angled Triangles . . . . .51 



CHAPTER VIII. 

Measubement of Lines ajtd Anoles. 

Definitions •• • • .54 

Instrtiments for Measuring Angles * 85 

Heights and Distances 58 



CHAPTER IX. 

DETBB:ifINATION OF AbEAS 68 



CHAPTER X. 

Hensubation of Land. 

Explanation of the Traverse Table 73 

Finding the Area ef a Field .77 

Plotting a Field 83 



CONTENTS. VU 



CHAPTER XI. 

SUBYBTIKO BT OmSTS 87 

HoBizoNTJLL Abbas 88 



CHAPTER XII. 

Dbclikatiok ov Maonbtio Nbbblb 90 

runnimo linb8 91 

Local Attbaotion 9ft 



CHAPTER XIII. 

SUBYBTINO WITHOUT A COMPABS. 

SiinreTing with the Chain only 98 

Sorveying with the Chain and Qoniometer • • • • 101 



CHAPTER XIV. 
Division of Lands 103 

CHAPTER XV. 
SuppLTiNO Omissions in Compass-Subtbtino . • • . 108 

RUNNINO A TbATBBSB . 115 

CHAPTER XVL 
^ SuppLTiNO Omissions in Subybtino with a Goniometbb . 117 

CHAPTER XVII. 
Lbtellino and Gbadino . . in 



TRIGONOMETRY. 



CHAPTER I. 

LOGABITHMS. 



1. Zoforithnu art exponents of the powers of some number 
which is taken as a base, Jh the tables of Logarithms in common 
uscy the number 10 is taken as the base^ and aU numbers are 
considered as powers o/* 10. 
And, since 

10^=1, that is, the Logarithm of 1 is 0, 
10^=10, " " " 10**1, 

10^=100, " *' " 100 "2, 

10«=1000, " " " 1000 "3, 

&c., &c., &c., 

the Logarithm of any number between 1 and. 10 is between 
and 1, i. e. is a fraction ; the Logarithm of any number 
between 10 and 100 is between 1 and 2, i. e. is one plus a 
fraction; and the Logarithm of any number between 100 
and 1000 is 2 plus a fraction ; and so on. 
And, as 
10"* = 0.1, that is, the Logarithm of 0.1 is — 1, 
10-^=0.01, " " " 0.01 "—2, 

10-*= 0.001, " " " 0.001"— 3, 

&c., &c., &c., 

the Logarithm of any number between 1 and 0.1 is between 
and — 1, i. e. is — 1 plus a fraction ; the Logarithm of any 
number between 0.1 and 0.01 is between — 1 and — 2, i. e. 
is — 2 plus a fraction; and so on. The Logarithms of 
1* 
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most numbers, therefore, consist of an integer, either posi- 
tive or negative, and a fraction, which is always positive. 
The representation of the Logarithms of all numbers less 
than a unit by a negcUive inieger and a posiitve fraction is 
merely a matter of convenience. 

2. The integral part of a Logarithm is called the c/iar- 
acteristic, and is not genewdly written in the tables, but 
can be found by the following 

BtJLlfi. 

The characteristic of the Logarithm of any number is equal 
to the number of places by which its first significant figure on 
the left is removed from nnit^ place, the eharacterinic being 
positive when this figure is to the hft, and negative when it is 
to the right of units* place, 

E. g. The Logarithm of 69 is* 1 plus a fraction ; i. e: 
the characteristic of the Logarithm of 59 is 1. The Loga- 
rithm of 541*7.7 is 3 plus a fraction ; i. e. the characteristic 
of the Logarithm of 541T.T is 3. The Logarithm of 0.3 
is — 1 plus a fraction ; i. e. the characteristic of the Loga- 
rithm of a.3 is —1. The Logarithm of 0.00017 is —4 
plus a fraction ; i. e. the characteristic of the Logarithm 
of 0.00617 is —4. 

3. Since the base of this system of Logarithms is 10, 
if any number be multiplied by 10, its Logarithm will be 
increased by a unit ; if divided by 10, diminished by a 
unit. 

That is, the Log. of 5547 being 3.744058, 



554.Y 


is 2.744058, 


55.47 


" 1.744058, 


5.547 


" 0.744058, 


.5547 


" 1.744058, 


.05547 


" 2.744058, 


.005547 


" 3.744058, 



.0005547 " 4.744058. 



LOGARITHMS. | 

JBimeej ^ decimdl part of the Logarithm of amy 9et qfji^ 
vres u the «ame, wherever ike decimal point of the eet may be. 

The miniis sign is generally written over the character- 
istic, as the characteristic only is negative. 

TABLB OF LOGARITHMS. 

4. In the tables of Logarithms, generally, the decimol 
only is given, and the characteristic must be supplied, ao* 
cording to the Role in Article 2. 

To find the Logarithm of any number of three or lea figuree: 

Bulb. 

Find the given number in the column marked N., and 
directly opposite, in the column marked 0, is the decimal 
part of the Logarithm, to which must be prefixed the 
characteristic, according to the Rule in Article 2. 

E. g. The Log. of 832 is 2.920123 

" " 108 " 2.033424 

The first two figures of the decimal, remaining the same 
for several successive numbers, are not repeated, but are / 

left to be supplied. Thus the Log. of 839 is 2.923762. / 

As, according to Article 3, multiplying a number by 10 / 

increases its Logarithm by a unit, therefore, to find thd 
Logarithm of any number containing only three significant 
figures with one or more ciphers annexed, we use the same 
rule as in the last case. 

E. g. The Log. of 8320 is 3.920123 

'' " 766000 " 5.878622 

To find the Logarithm of any number coneisting of four 
figures : 

Rule. 

Look for the first three figures in the column marked N., 
and for the fourth figure at the top of one of the columns. 
Opposite the first three figures, and in the column under 
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the fourth figure, will be the last four figures of the deci- 
mal part of the Logarithm, to which the first two figures 
in the column marked are to be prefixed, and the char- 
acteristic, according to the Rule in Article 2. In some of 
the columns marked 1, 2, 3, &c,, dots will be found. This 
shows that the two figures which are to be prefixed from 
the column marked have changed to the next larger 
number, and are to be found in the horizontal line directly 
below. The dots are used to avoid any mistake, and their 
place is to be supplied with ciphers. As in Article 3, an- 
nexing ciphers to the number only increases the charac- 
teristic as many units as there are ciphers annexed. 

E. g. The Log. of 2951 is 3.469969 

6496 " 3.74004T 
" 168700 " 5.88676T 

To find, the Logarithm of any ntunber consisting of more than 
four figures: 

Rule. 

Find the Logarithm of the first four figures as before ; 
multiply by the remaining figures the number standing 
opposite, in the column marked D, reject from the right as 
many figures as you multiply by, and add what is left to 
the Logarithm previously found. 

E. g. Required, the Log. of 609946. 
The Log. of 609900 is 6.785259 

Under D opposite is 71, wh. multiplied by 46 giv es 32.66 
Therefore, the Log. of 609946 is 6.786292 * 

Required, the Log. of 84997. 
Log. of 84990 is . 4.929368 

Under D opposite is 51, which multiplied by 7 gives 35.7 
Therefore, Log. of 84997 is 4.929404~ 

The column marked D contains the average difference of 
the ten Logarithms against which it stands. The reason 

* Wherever the fractional part omitted is larger than half the unit in the 
next place to the left, one is added to that figure. 
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for rejecting from the product as many figures as* yon 
multiply by is, that these figures are just so many places 
farther to the right than the figures whose Logarithm has 
already been found. 

This process of finding the Logarithms of large numbers 
supposes that the Logarithms vary as the numbers, which 
is not strictly true, though sufficiently so for ordinary use. 

If the number whose Logarithm is sought contains deci- 
mal fig^ures, the decimal part of the Logarithm, according 
to Article 3, is the same as though there were no decimal 
point ; but the characteristic varies according to the Rule 
in Article 2. 

The Logarithm of a vulgar fraction may best be found 
by reducing the traction to a decimal, and then proceeding 
as above. 

5. To find the Nahtral Number ecrruponding to a givem 
Logarithm : 

Rule. 

Neglecting the characteristic, find, if possible, in the 
table the Logarithm given. The three figures opposite in 
the column N., with the number at the head of the column 
in which the Logarithm is found, affixed, and the decimal 
point so placed as to make the number of integral figures 
one more than the characteristic of the given Logarithm, 
will be the number required, 

E. g. The Natural Number corresponding to Log. 
5.531862 is 340300. 

The Natural Number corresponding to Log. 1.605951 is 
40.36. 

If the decimal part of the Logarithm cannot be exactly 
found, take the Natural Number corresponding to the next 
less Logarithm, as before ; then find the difierence between 
this and the given Logarithm ; divide this diflference by the 
tabular difference in the column opposite, under D, annex- 
ing to the dividend one cipher to g^t the first figuxe of the 
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quotient, and ajfix this quotient to the ntmber alrea;^ 
fonnd. 

E. g. Reqnired, the Nactural Ntunbeir c6n<esp6ndiBg to 
Log. 2.T63698 

Next less Log., 2.T685T8, and number oorredp'd^g, 680.2 

Divide by|XjSf'^^n5)20.0(26T 26T 

Number required> 580.2267 

The number cortesiJondirig to 4.816601 will, in the samid 
way, be found to be .000665542. 

Examples. 

1. Find the Log. of 3764. 

2. Pmd the Log. of 2576000. 

3. Find the Log. of 7.546. 

4. Find the Log. of 0.0017. 
6. Find the Log. of ^. 

6. Find the Natural Number to Log. 3.807871 

7. Fmd the Natural Number to Log. 1.820004. 

8. Fmd the Natural Number to Log. 2.982197. 

9. Fiiidthe Na;tur^ Number to Log. 2.910037. 
10. Find the Natural Number to Log. 4.850054. 

6. The great utility of Logarithms in arithmetical 
operations consists in this, — that addition takes the place 
of multiplication, and subtraction of division, multiplica- 
tion of involution, and division of evolution. That is, to 
multiply numbers, we have only to add their Logarithms ; 
to divide, we have only to subtract the Logarithm of the 
divisor &om that of the dividend ; to raise a number to 
any power, we multiply its Logarithm by the exponent of 
that power; and to extract the root of any number, we 
divide its Logarithm by the liumber expressing the root to 
be found. 

This is the same as multiplication and division of difier- 
ent powers of the same letter by each other in Algebri^ 
and invol^g and evolving powers of a single letter of 
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quantity; the number 10 tidce* the i^Me of the given 
letter in Algebra, and ihe liOgarithms are the exponents 
of 10. 

MULTIPLICATION BY LOGARITHMS. 

Rule. Add the Logarithm$ of the factarSf and the sum will 
he the Logarithm of the product. 

1. Multiply 341.616 by 4T6.2. 

2. Find the product of 568, UOO, 846, and 1T28. 

(It must be carefully borne in mind that the decimal 
part of the Logarithm is always positive.) 

3. Multiply 0.00756 by 17.5. 

Log. of 0.00756, 8.878522 
" 17.5, 1.248038 

Product, 0.1323. Log. 1.121560 

4. Multiply 0.0004756 by 1855. 

Although negative quantities have no Logarithms, yet, 
since the numerical product is the same whether the fac- 
tors are positive or negative, we can use Logarithms in 
multiplying when one or more of the factors are negative, 
taking care to prefix to the product the proper sign ac- 
cording to the rules of Algebra. When a factor is nega- 
tive, to the Logarithm which is used n is appended. 
E. g. 1. Multiply— 75.46 by 64.5. 

Log. of —75.46 is 1.877717 n 
54.5 " 1.736397 
Product, —4112.57. Log. 3.614114 n 
(Log. of — 75.46, though incorrect, is used for the sake 
of brevity.) 

2. Find the product of —0.017, 25, and —165.4. 

3. Find the product of —14, —7.643, and —0.004. 

DIVISION BY LOGARITHMS. 

Rule. From the Logarithm of the dividend subtract the 
Logarithm of the divisor j and the remainder will be the Loga- 
rithm of the quotient. 
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E. g. 1. Divide 78.46 by 0.00141. 

Log. of 78.46 is 1.894648 

0.00147 " 3.167317 

Quotient, 63374.1. Log. 4.727331 

2. Divide 0.0014 by 756. 

Log. of 0.0014 is 3.146128 
756 " 2.878522 

Quotient, 0.000001852. Log. 6.26T606 

Negative numbers can be divided in the same manner as 
positive, taking care to prefix to the quotient the proper 
sign, according to the rules in Algebra. 

3. Divide .7478 by 0.00456. 

4. Divide 5000 by 0.00149. 

5. Divide 0.00997 by 64.16. 

6. Divide— 14.55 by 543. 

7. Divide— 465 by —19.46. 

INVOLUTION BY LOGARITHMS. 

Bulb. MuUiply the Logarithm of the number by the exponent 
of the power required. 

1. Find the 15th power of 1.17. 

Log. of 1.17 is 0.068186 

16 

Ans, 10.638. Log. 1.022790 

2. Find the 6th power of 0.00941. 

Log. of 0.00941, 3.973690 
6 

Ans. 0.000000000073782. Log. 11.867960 

3. Find the 4th power of 0.0176. 

4. Find the 9th power of 1.179. 

Negative numbers are involved in the same manner, 
taking care to prefix to the power the proper sign, accord- 
ing to the rules of Algebra. 

5. Find the 3d power of —.017. 

6. Find the 6th power of — 14. 
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EVOLUTION BT LOGABITHMS. 

BiTLB. Divide the Logarithm of the number hy ike exponent 
of the root required* 

Negative nambers are evolved in tl)e same maimer, tak- 
ing care to prefix to the root the proper sign, according to 
the rules of Algebra. For the sake of convenience, where 
the characteristic of a Logarithm is negative, and not divis- 
ible by the index of the root, we can increase the negative 
characteristic so as to make it divisible, providing we pre- 
fix an eq Kil positive number to the decimal part of the 
Logarithm. 

E. g. 1. Find the 5th root of 0.0173. 

Log. of 0.0173 is 2.238046, which is equal to 6+3.238046, 
and dividing this by 5 gives 1.647609, which is the Log. 
of 0.4442. 

2. Find the 3d root of 80.07, 

3. Find the 8th root of 0.0764. 

4. Find the 7th root of — 17. 

5. Find the 6th root pf —0.00496. 

10. Instead of subtracting one Logarithm from an- 
other, it is sometimes more convenient to add what it lacks 
of 10, — which difference is called the complement, — and 
from the sum reject 10. The result is evidently the same. 
For X — y =: ar+ (10 — y) — 10. The complement is easiest 
found by beginning at the left of the Logarithm of the 
number, and subtracting each figure from 9, except the 
last significant figure, which must be subtracted from 10. 
In proportion, therefore, we have this simple rule : — 

Add the complement of the Logarithm of the first term to the 
Logarithms of the second and third termSj and from the sum 
refect 10. 

E. g. 1. Find a fourth proportional to 14, 176, and 
7486. 
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ComfiemiBnt of Log, of 14:, 8.8638t2 

1T6, 2.243038 

" YiSe, 3.8U250 

Ana. 936t5. Log. 4.971160 

2. Reduce 1T9 X ^968 -^ 489. 

3. Giyen th^ fir^t three terms of a proportion, 416, 584, 
mi 256, to find ihe fourth. 

, 4. Reduce IMA^^ 

654 X 513 • 



CHAPTER II. 

GEOMETBICAL DEFINITIONS. 

11. 1. Geometry is the science which treats^ of the 
properties of extension. 

._2. Extension is that which has one or more of the three 
^^menslons, viz. : length, breadth, thickness. 

8. A Point is that which has positioB, bat iM>t magnitude. 

4. A LiKB is that which has length, withoul breadth or 
Sickness. 

5. A Straight Line is one whose direction is the same 
tiiroaghottt. 

The word line when nsed alone, in tikis book, means a straight line. 

6. A Curved JjInb is one whose direction is constantly 
changing. 

t. A Surface is that which has length and breadth, but 
no thickness. 

8. A Plane is such a surface that a line joining any two 
of its points will be wholly in the surface. 

9. A SouD is that which has lengthy breadth, and thick- 
ness. 
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10. An Angle is the inclination of two lines which meet 
at a piaSst. A 

The point of meeting, B, is called the 
vertex, and the lines A B, B 0, the eidea 
fd the an^le. 

An angle is sometimes designated by 
the letter at its vertex, as the angle B ; 
but when a number of angles have the same vertex, each 
angle is designated by threer letters, the middle letter show- 
ing the vertex, and the other two, with the middle letter, 
the sides \ as the angle ABO. 

11. If a straight line meets another p 
straight line, so /m to make the angles 

^nal to each other, eapbof these angles 
is called a tight angle ; and the two lines 
are said to be perpendicular to each other. 
Thias, A D and D B are right angles, 
and A B and D are perpendieular to 
each other. 

12. An AcuTK Akgls is less than a 
right angle ; as B D E. 

13. An Obtuse Angle is greater than a a- 
rjght angle ; as A D ^* 

14. Parallel Lines are such as iiava ^^ 
the same direction ; as A B and D. q. 




B 



15. A P£.AKB JPiGUBB js a plane sm&oe bounded' by lines 
either straight or curved. 

J 1^. When the boundary lines are straight, the figure is 
called a polygon. 

17. Of Polygons, the simplest has three sides, and is 
called a triangle ; one of four sides is called a quadrilateral ; 
one of five, a pentagon ; one of six, a hexagon ; one of seven, 
a h^piagon ; oi^ of eight, %Ti octagon ^ one of ten, a decagon ; 
one of twelve, a dodecagon. 
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18. An Equilatkral Tbungle is one 
whose sides are all equal ; as A B 0. 



19. An Isosceles Triangle is one which 
has two of its sides equal ; as D E F. 



20. A Scalene Triangle is one which "^ 
has its three sides unequal ; as 6 H I. 

21. A Bight-angled Triangle is one 
which has a right angle ; as J K L. 

The side opposite the right angle is 
called the hypothenuse, and the other 
two sides the legs, or the base and per- 
pendicular. 



22. An Obtuse-angled Triangle is one 
which has an obtuse angle ; as M N 0. 



23. An Acute-angled Trlingle is one which has all its 
angles acute ; as A B 0. 

Acute and obtuse-angled triangles are called oblique- 
angled triangles. 

The sum of all the angles of a triangle is equal to two 
right angles: therefore a triangle can have but one right 
angle, or but one obtuse angle ; and the sum of the two 
acute angles of a right-angled triangle is equal to a right 
angle. 
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24. A Parallblooram is a quadrilateral whose opposite 
sides are parallel ; as A B C D, or E F 6 H, or IJ K L, or 
MNOP. 

D O 

25. A Eegtanole is a parallelogram 
whose angles are right angles ; as A B C D. 

A 



26. A Square is a rectangle whose sides • 
are equal ; as E F G H. 



2Y. A Ehomboid is a parallelogram 
whose angles are not right angles ; 
as IJ K L. 



28. A Rhombus is a rhomboid whose 
sides are equal ; as M N P. 



29. A Trapezoid is a quadrilateral T 8 

which has only two of its sides parallel ; / \ 
asQRST. qZ Ai 

30. A Tbapeziuk is a quadrilateral 
which has none of its sides parallel ; as 
UVWX. 

31. A Diagonal is a line joining the 
vertices of two opposite angles ; as 
UW. 

32. The side upon which a triangle or quadrilateral is 
supposed to stand is called the haze ; and the perpendicular 
to it from the opposite angle is called the altitude of the 
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triangle or qnadr^sleral ThuS) IJ x» the base and L Y Ae 
altitude of IJ K L. 

33. A Circle is a plane bounded 
by a curved line, called the circum- 
ference, every point of which i» equally 
distant from a point witUn, called the 
centre ; as A B D E. The circum- 
ference of every circle is supposed to 
be divided into 360 equal parts, called 
degrees (**), each ^degree into 60 equal 
parts, called minutes ('), and each minute into 60 equal 
parts, called seconds ( " ). 

34. The Radios of a circle is a line drawn from the centre 
to the circumference ; as B. 

All radii of the same circle are equal.. 

35. The DiAiEEtER of a circle is a line drawn through the 
centre and terminating at both ends in the circumference ; 
as A I>. It divides the circle into two equal parts, called 
semicircles. 

36. An Arc of a circle is any part of the circumference ; 
as APE. 

3*7. A Chori> is the straight line joining the ends of «i 
arc ; as A E. 

38. A Segment of a circle is the part of the circle cut off 
by a chord ; as the apace included by the arc A F E and the 
chord A E. 

. 39. A Sector of a circle is the part of the circle included 
by two radii ; as the space ABO. 

Note. — The sum of all the angles of a triangle is equal to 180^ 
Henee the sum of the two acute angles of a right-angled trian^ is 
equal to 90°. 



} 
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CHAPTER III. 

INSTRUMENTS USED IN DRAWING. — GBOMETRICAL 
PB0BLBM8. 

12. The only ingtruments for drawing ttquired in 6ofil^ 
nion Sorve^g are the dwidefra and the rule. 

The dLviders are too well known to require ai descri^on. 
They should always be made With a screw passing through 
the joint, sa that they ean bo tightened at pleasure. 

The nde inclades the two instmments commonly deseifbed 
in text-books nnder the titles of the plane scale and fh^ 
protractor. It is about six inches in leng^. 




The section of the rule presented abore contains the 
plane scale, or the diagonal scale of equal parts. The sides 
of the square (half-inch) at the right have each been divided 
into ten equal parts ; from the first point of division at the 
top, a line has been drawn to the second point at the 
bottom ; from the second at the top, to the third at the 
bottom, and so on. From right to Jeft have been drawn 
parallel lines through the points of division of the square. 
The lines passing from any point of division at the top to 
the bottom are one tenth of one of the small divisions far- 
ther to the right, as they cross any line, than where they 
crossed the preceding line. So that, if the half-inch which 
is divided be considered unity, each of the small divisions 
will be .1, and each of the oblique division lines will be .01 
fiftrther to the right on any horizontal line than on the one 
directly above. 
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13. If now it be required to draw a line containing 2.68 
units, place one point of the dividers where the perpendicular 
line marked 2 at the top crosses the horizontal line marked 
8 at the right, and the other point where the same horizon- 
tal line crosses the oblique line marked 6, and make the line 
equal in length to the space included by the dividers. If, 
as is more commonly necessary, the half-inch be^ considered 
10, then each division of the half-inch will be unity, and 
each oblique line will be..l farther to the right on any hori- 
zontal line than on the one directly above ; and if it be 
required to take o£f 24.6 (e. g.), place one point of the di- 
viders where the perpendicular line marked 2 at the top 
crosses, the horizontal line ms^ked 6 at the right, and the 
other point where the same horizontal line crosses the ob- 
lique line marked 4 at the top, and you will have the length 
required. 

At the left end of the rule is a quarter of an inch, divided 
in the same manner, with the figures corresponding at the 
bottom and left, — to be used counting from the bottom up. 
The upper half of the rule contains scales for laying off lines, 
with different lengths as the unit of measure, and a scale 
of chords, marked 0, which can be used, with the chord of 
60° as radius, for laying off or measuring angles. 

14. On the reverse are other scales (not shown in the 



figure) for laying off lines with still different units as stand- 
ards, and another scale of chords ; degrees have also been 
marked off (as shown in the figure) by radii drawn from 
as a centre. The degrees are greater, of course, the farther 
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they are from the centre. They are numbered both from right 
to left, and left to right, from 1 to 180 degrees, inclusiye. 

To lay down an angle, draw a base line, and place the 
lower edge of the rule so that the centre shall be at the 
angular point. Mark on the paper the end of the radius 
passing through the required number of degrees. Remove 
the rule, and draw a line from the centre through the point; 
this line and the base line will include the required angle. 
By applying the rule in the same way, an angle can be 
measured. 

(Papils shoald be reqnired to rapply themselyes with these or eqairaleirt 
instruments, and draw the fignree whu;h are used in the practical examples.) 

A much better instrument, as a protractor merely, is a 
transparent lamina of horn, in the form of a semicircle, with 
the degrees marked off and numbered the same as on the 
rule just described. 

GEOMETRICAL PROBLEMS. 

15. Through a given point, to draw a line pcaraJlel to a 
given line. 

Let D be the given point, and A B c D 

the given line. With the dividers v* ••• 

measure the shortest distance from D to . -.^ .y ^ 

A B ; with this distance, set one. foot of . ^ * 

the dividers on any other point than F, of the line A B, as E, 
and describe an arc, C ; through the point D draw a tangent 
to the arc C ; CD will be the parallel required. 

C 

16. To bisect a given line. /^\ 
Let A B be the given line. From the 

extremities of the line A and B, with a 

radius greater than half A B, describe arcs 
cutting one another at C and D ; the line 
joining C and D will bisect the given line ^L^ 

AB. 

2 
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B 



17. From a given point in a given line, to draw a perpeu' 
dictilar to that line. 

Let B be the given point, and A B the ^ 

given line. With B as a centre, with any 
convenient radius, B A, describe an arc, 
A C D ; make the distance A and C D 
equal to A B, and from and D as cen- 
tres, with a radius greater than half the 
distance from to D, describe arcs cut- A 
ting one another at E ; draw B E, and it will be the per- 
pendicular required. 

Or, with the rule, as shown in Article 14, make, at the 
point B, an angle, ABE, equal to 90^. 

18. From a given point mthoui a given line, to draw a per- 
pendictdar to that line. 

Let C be the given point, and A B ^ 

the given line. With C as a centre, 
describe an arc cutting A B in two 
points, E and F; with E and F, re- 
spectively, as centres, with a radius 
greater than half the distance from E 
to F, describe arcs cutting each other 
at D ; the line which, produced, passes 
through D, from C to the given line, is 
the perpendicular required. 

19. To bisect a given angle. 
Let B be the given angle. With B as a 

centre, describe an arc cutting the sides of 
the angle in A and C : with A and C, respec- 
tively, as centres, with the same radius, de- 
scribe arcs cutting each other in D ; the line 
joining B D will bisect the angle B. 

20. To construct a triangle whose sides shall, respectively, he 
equal to three given lines. 

Let A, B, and C be the three given lines. 
Make D E equal to B ; with D as a centre. 



E-- 



T^B 



-'F 



.>c 
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with "a radius equal to A, describe an arc ; 
with E as a centre, with a radius equal to 
C, describe another arc cutting the former 
in F ; join D P and F E, and D E F will be 
the triangle required. p ^ 

(The constniction is impossible, unless the sum of any two of the sides is 
greater than the third.) 

21. To describe a circle which shall pass through any three 
given points. 

Let A, B, and D be the three 
given points. Draw A B and BD ; 
bisect A B and B D, as shown in 
Art. 16, and the point C, where 
the bisecting lines meet, will be 
the centre from which the requir- 
ed circle must be described, with 
a radius equal to the distance A 0. 

(If A, B, and D are in the same straight line, the bisecting lines will nerer 
meet ; or, in other words, the radins of the circle will be infinite, and the line 
A B D will itself be an arc of the required circle.) 

The same construction serves for finding the centre of a 
given circle or arc. 
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CHAPTER IV, 



PLANE TRIGONOMETRT. 



22. TBiooyoicETBY literallj means the measurement of 
triangles. When the triangles are portions of a plane, it is 
Plane Trigonometry ; when the triangles are portions of the 
surface of a sphere, it is Spherical Trigonometry. 

23. An angle is measured by the arc of a circle inter- 
cepted between the lines which form the angle, — the centre 
of the circle and the vertex of the angle being the same. 

If two diameters cross each other at right angles, they 
will divide the circumference into four equal parts; and 
therefore the measure of a right angle is 90°. j 

The Complement of an arc or angle 
is 90° minus this arc or angle ; the 
supplement, 180° minus this arc or 
angle. Thus, the arc A D is the com- 
plement of B D, and the angle A C D E| 
of B C D ; and the arc D A E is the 
supplement of B D, and the angle 
D C E of B C D. 

When an arc or angle is greater than 90°, the complement 
is negative ; and when an arc or angle is greater than 180°, 
the supplement is negative. 

24. * The Sine of an arc or angle is the line drawn 
from one end of the arc perpendicular to the diameter pass- 
ing through the other end ; or it is one half the chord of 
double the arc. Thus, D F is the Sine of the arc D B, or the 
angle D C B. 

The Versed Sine of an arc or angle is that part of the 
diameter between the sine and the arc. Thus, B F is the 
Versed Sine of the arc B D, or of the angle BCD. 




* Those who prefer the Analytical Method will tarn from this point to 
Chapter VI. 
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The CosiKB of an arc or angle is the Sine of the complement 
of the arc or angle, or the Radius minus the Versed Sine of 
the arc or angle. Thus, H D = C F is the Cosine of the are 
B D, or of the angle BCD. 

(Co is a contraction of complement) 

The Tangent of an arc or angle is the line touching one 
extremity of the arc, and terminated by a line drawn from 
the» centre through the other extremity. Thus, B I is the 
Tangent of the arc B D, or of the angle BCD. 

The Cotangent of an arc or angle is the Tangent of the 
complement of the arc or angle. Thus, A K is the Cotan- 
gent of B D or B C D. 

The Secant of an arc or angle (in Trigonometry) is the 
line drawn from the centre through one end of the arc, and 
terminated by the tangent touching the other end. Thus, 
C I is the Secant of B D or B C D. 

The Cosecant of an arc or angle is the Secant of the com- 
plement of the arc or angle. Thus, C K is the Cosecant of 
B D or B C D. 

The Sine, Tangent, and Secant of the supplement of an 
arc are the same as for the arc itself.* 

The Sine and Cosine of an arc form the two sides of a right- 
angled triangle, of which the Radius is the hypothenuse. 

The Radius and Tangent of an arc form the two sides of a 
right-angled triangle, of which the Secant is the hypothenuse. 

25. Suppose the Radius C D to move in the plane of 
the circle about the centre C : let it move so that the arc 
B D and the angle BCD become ; then the Sine, Tangent, 
and Versed Sine of the arc or angle become 0, the Secant 
and Cosine become equal to Radius, and the Cosecant and 
Cotangent become infinite. 

If C D moves toward A until the arc B D or the angle 
BCD becomes 30**, then, if Radius be unity, DP or the 
Sine 30**= J ; for the Sine D F is half the chord of double 
the arc, i. e. is half of D G, which, as it subtends sixty 

* Disregarding the signs. 
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degrees, or one sixth of the circumference, is equal to 
Radius. 

If CD moves until the arc BD or the angle BCD be- 
comes 45®, then the triangle CDF becomes isosceles ; and 
if Radius be unity, we have 

FD^+FC« = 2DF«=CDS 
and DF = CDVi; 

or, Sme45' = Vi = ^\/2. 

The tangent, in this case, equals the Radius. 

If C D moves until B D or B C D becomes 60**, then 
DF = \/CD2 — FC«; 
and, as F C = Sine of A D = Sine 30** = J, 

D F or Sine 60® = Vl^ = \/f = i\/3. 

If C D moves until the arc B D or the angle B C D be- 
comes 90®, then the Sine, Versed Sine, and Cosecant be- 
come equal to Radius, the Cosine and Cotangent become 0, 
and the Secant and Tangent become infinite. 

If we suppose C D to continue to move until the point D 
passes entirely round the circumference, it will be easy to 
trace the changes in the length of the Sine, Cosine, &c. 

26. The centre C is the absolute zero point. 
If we consider a line extending in one direction as plus, 
a line extending in the opposite direction should be con- 
sidered as minus. It has been agreed to consider the trigo- 
nometric lines which extend from A L to the right, or from 
B F upward, as plus ; therefore all those extending from, 
A L to the left, or from B F downward, must be considered 
as minus. It will on inspection be found that these lines 
change their direction at the point where they become 0, or 
infinite. Therefore, the algebraic signs of the Sines, Co- 
sines, &c. change from plus to minus, or minus to plus, 
as each passes the point where it becomes 0, or infinite. 
These changes in the signs will be found to be as follows : 
Ist qaadr. 2d qaadr. 3d quadr. 4(;h qaadr. 
Sine and Cosecant + + — — 

Cosine and Secant -|- — — -f- 

Tangent and Cotangent -f" — + — 



I 



PLAI^ TBIGOKOMETBY. 28 

2T. By various methods, the Sines, Cosines, Tangents, 
and Cotangents have been calculated for every minute of 
the Quadrant, with Radius as unity, and arranged in tables 
entitled Natural Sines and Natural Tangents ; and the loga- 
rithms of these numbers have been taken from the table of 
logarithms, and, with 10 added to the characteristic, to 
avoid negative characteristics, (L e. the radius assumed is 
10,000,000,000,) have been arranged in the table entitled 
Logarithmic Sines and Tangents. 

28. To find from the table the Natural Sine or Cosine 
of any arc or angle : 

In the column of Natural Sines, marked N. S., and of 
Cosines, marked N. CS., the degrees up to 45^ are at the top 
of the page, and the minutes on the left ; above 45^, since 
the Sine of any arc is the Cosine of its complement, the 
degrees are at the bottom of the page and the minutes on 
the right. Since Radius is unity, the Sines and Cosines are 
decimals. 

E. g. Nat. Sine of 36* 8' is 0.5T548 
" " " 87"* 44' " 0.99922 
" Cosine " 4r 49' " 0.67161 
As the Sine or Cosine of any arc is the same as that of 
its supplement, there is no need of extending the tables 
beyond 90**. 

E. g. Nat. Sine of 141* 14' is 0.62616 
" Cosine " 171* 60' " 0.98986 
If seconds are given, the number to be added, if a Sine^ 
or subtracted, if a Cosine, must be calculated. In case of 
a Sine, take the Sine of the degrees and minutes as before ; 
and add to this as many sixtieths of the difference between 
this and the next greater Sine given in the table, as there 
are seconds. In case of a Cosine, take the Cosine of the 
degrees and minutes as before, and subtract from this as 
many sixtieths of the difference between this and the next 
smaller Cosine given in the table, as there are seconds. 

( 0.42631 

E. g. Nat. Sine of 26* 14' 16"^ 6^ 

(is 0.42637 
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.83660 
Nat. Cosine of 33^ 13' 30" hJ 7.5 



( 0.^ 
(isO.^ 



.83652 

This proceeds upon the supposition that Sines, Cosines, 
&c. vary as the arcs, which is not true, but, where the 
arcs differ only a part of a minute, sufficiently near the truth 
for practical purposes. 

; 29. To find the degrees, minutes, and seconds corre- 
sponding to any Natural Sine or Cosine : 

Find in the table the given figures, and if the given 
title (i. e. Sine or Cosine) is at the top, take the degrees 
at the top and the minutes on the left; but if the title 
is at the bottom, take the degrees at the bottom and 
the minutes on the right. 

If the given figures are not found exactly, take the de- 
grees and minutes corresponding to the next less number 
for Sines, and next greater for Cosines ; divide the difference 
of these two numbers (i. e. the given number and th^ number 
corresponding to the degrees and minutes just taken from 
the table,) by the variation for each second for this part 
of the table, and the quotient will be the additional number 
of seconds. 

This variation is to be found by dividing the difference 
between the two tabular numbers between which the given 
number is, by sixty. 

E. g. Kequired the degrees, &c. corresponding to the 
Natural Sine .709T0. 

.70978 .70970 

.70957 Nat. Sine 45° 12', .70957 



60)21 .35)13.00(37 seconds. 

.35 Variation. 105 

250 
245 

Ans. .45^ 12' 37". 
Natural Tangents are taken from the table in the same 
way as Natural Sines, and Natural Cotangents the same as 
Natural Cosines. 
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E. g. Required, the degrees, &c. corresponding to the 
Natural Tangent 19.0000. 

19.0811 19. 

18.9755 Nat. Tangent 86* 69', 18.9T65 

60) 1056 1T.6) 245.0 

17.6 Variation. 14 seconds. 

Ans. 86* 59' 14". 

30. To find the Logarithmic Sine, Cosine, &c. of any 
arc or angle : 

The arrangement is the same as in the tables of Natural 
Sines and Cosines, Tangents and Cotangents. In the first 
and second columns, marked D, is the rate of variation per 
second for the columns at their left, and in the third, marked 
D, for the. columns on both sides of it. In the colunms 
marked D, the last two figures are to he considered as decimals, 
It must be remembered that, as the arc or angle increases, 
the Sines and Tangents increase, while the Cosines and Co- 
tangents decrease. 
E. g. The Log. Sine of ZY 10' is 9.781134 

74* 50' " 9.984603 
Required, the Log. Sine of 41* 14' 25". 
Log. Sine of 41* 14' is 9.818969 

Number to be added for 25" is 25 X 2. 4 = 60 

Ans. 9.819029 

Required, the Log. Cosine of 65* 24' 5". 

Log. Cosine of 65* 24' is 9.619386 

Number to be subtracted for 5" is 5 X 4.6 = 23 

Ans. 9.619363 

31. To find the degrees, minutes, and seconds corre- 
sponding to any Logarithmic Sine, Cosine, &c. 

Find in the column with the given title (i. e. Sine, Cos., 
Tan., or Cot.) the given logarithm ; if the title is at the top, 
take the degrees at the top and the minutes on the lefb ; but 
if the title is at the bottom, take the degrees at the bottom 
and the minutes on the right. If the given logarithm is 
2* 
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not found exactiy, take the degrees and minutes corre- 
sponding to the next leas logarithm for Sines and Tangents, 
next greater for Cosines and Cotangents ; divide the differ- 
ence of these two logarithms by the corresponding tabular 
difference D, and the quotient will be the additional number 
of seconds. 

E. g. Required, the degrees, minutes, and seconds cor- 
responding to the Log. Sine 9.874321. 

' 9.874321 

Log. Sme 48^ 28", 9.874232 

1.87) 89.00 

48 Ans. 48* 28' 48". 

Required, the degrees, &c. corresponding to Log. Co- 
tangent 9.911302. 

Log. Cotangent 50* 48', 9.911467 
9.911302 

4.3)165.0 

38 Ans. 50* 48' 38". 

1. Find the Natural Cotangent of 49* 15' 27". 

2. Find the Natural Cosine of 175* 43' 44". 

3. Find the Log. Sine of 13* 10' 31". 

4. Find the Log. Cosine of 87* 51' 42". 

5. Find the Log. Tangent of 113* 21' 5". 

6. Given Natural Sine .89861, to find the degrees, &c. 
corresponding. 

7. Given the Natural Cotangent 1.47864, to find the de- 
grees, &c. corresponding. 

8. Given the Log. Sine 9.90543, to find the degrees, &c. 
corresponding. 

. 9. Given the Log. Cosine 9.846321, to find the degrees, 
&c. corresponding. 

10. Given the Log. Cotangent 9, to find the degrees, &c. 
corresponding. 
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CHAPTER V. 

PLAOTI TRIGONOMETRY. — (Om^mtiadl) 

32. In every plane triangle there are six parts, — three 
sides and three angles. Of these, any three being given, 
provided one is a side, the others can be found. 

RIGHT-ANGLED TRIANGLES. 

In a right-angled triangle, one of the six parts, viz. the 
right angle, is always given ; and if one of the acute an- 
gles is given, the other is known ; therefore, in a right- 
angled triangle, the number of parts to be considered is 
four, any two of which being given, the others can be 
found. We may have four cases, according as there are 
given, 

1. The hypothenuse and one acute angle, 

2. One leg and one acute angle, 

3. The hypothenuse and one leg, 

4. The two legs. 

All of these can be solved by the following theorem : 

THEOREM L 

33. In any right-angled plane triangle^ 

1st. Badius is to the hypothenuse as the sine of either acute 
angle is to the opposite side; 

2d. Badius is to either side as the tangent of the adjacent 
acute angle is to the opposite side. 

Let A B C be a triangle, right- ^ 

angled at C. With either angle, V!i^^ 

as A, as a centre, and jyiy radius, ^^^ ^ 

(which radius will represent the ^^^-^-"^^ ] 

radius of the tables,) describe the ^ F B 

arc D E ; let fall from D the perpendicular D F, and draw 
E G parallel to D P. Then D F will be the tabular sine, 
and G E the tabular tangent of the angle A. 
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From the similar triangles A D F, A G E, and A B C, we 
have, 

1st. AD:AB::DF:BC, 

that is, R : A B : : sin. A : B ; 
2d. AE : AC : : GE : B C, 

that is, R : A : : tan. A : B C. 
Corollary 1. As sin. A = cos. B, 

R : A B : : cos. B : B 0. 
Corollary 2. If radius is unity and h represent the hy- 
pothenuse, and a and h the sides opposite the angles A and 
B respectively, (a notation which we shall use in future,) 
these proportions will give, a =• h sin. A, a = & tan. A, 
a = A cos. B. 

34. The first three cases can be solved by the first propor- 
tion, and the fourth by the second proportion. 



Case I. 

Ex. 1. Given, in the right-angled trian- 
gle A B C, A 266, and A 6^ 14', to find the 
two legs. 

By Natural Numbers, 
h : : sin. A : a 



R 
R 
1 : 
1 : 



h : : sin. B = cos. A : h 
256 : : .84088 : 214.42 a 
266 : : .64122 : 138.01 h 

By LogarithmB. 




Radius 
265 

: sin. bV 14' 
214.42 

Radius 
256 

: COS. 5r 14' 
138.01 



10. 

2.406540 
9.924T35 

2.331275 

10. 

2.406540 
9.133373 
2.139913 
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All the Examples in Trigonometry can be perfonned by 
Natural Numbers ; but, in order that the learner may be- 
come familiar with the use of Logarithms, as it is more 
expeditious, we shall, hereafter, use only the Logarithmic 
method. 

Ex. 2. Given h 1676, and A 6^ 13', to find a and b. 

Cask II. 

35. Ex. 1. Given a 195, and B 64'' 43', to find the other 
parts. 

sin. A = COS. 64** 43', comp. 0.369476 

: a 195 2.290035 

: :R 10; 

: h 456.57 2.659511 

R 10. 
: h 2.659511 

: : sin. 64^ 43' 9.956268 
i 412.84 2.615779 

Ex. 2. Given b 1075, and B 75* 49', to find a and h. 

Case III. 

36. Ex. 1. Given h 24.5, and a 17.4, to find b, A, and B. 

h 24.5, comp. 8.610834 

: R 10. 

: : a 17.4 1.240549 

: sin. A 45M5' 5" 9.851383 

B = 90** — 45* 15' 5" = 44* 44' 55" 

R 10. 

: h 24.5 1.389166 

: : sin. B 44* 44' 55" 9.847571 

b 17.248 1.236737 

Otherwise b can be found from the formula a* -}- ^ = ^*« 
Ex. 2. Given h 172.8, and b 14.17, to find the other parts. 
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Cask IV. 
ST. Ex. 1. 6iven a 195 and h 147, to find the other parts. 

h 147, comp. T.832683 

:K 10. 

: : a 195 2.290035 

: tan. A 62° 59' 22" 10.122118 '^* 

B = 90" — 52** 59' 22" = 3r 0' 38" 

sin. A 52° 59' 22", comp. 0.097712 
a 195 2.290035 

: K 10. 



; h 244.2 2.387747 

Otherwise h can be found from the formula a* + ^ = ^'» 
and then the angles by using the first proportion of Theo- 
rem I. 

Ex. 2. Given a 189 and h 14, to find the other parts. 

38. In the following examples, two parts of a right-an- 
gled triangle are given, and the others required. 

1. Base 217, hypothenuse 915. 

2. Two legs 174 and 1927. 

3. Perpendicular 17.94, and angle opposite 15° 39'. 

4. Hypothenuse 47.9, and an angle 59° 17'. 
6. Perpendicular 298, and hypothenuse 744. 

OBLIQUE-ANGLED TRIANGLES. 

39. In solving oblique-angled triangles, there are four 
cases. There may be given, — 

1. Two angles and a side, 

2. Two sides and an angle opposite one of them, 

3. Two sides and the included angle, 

4. The three sides. 

For solving these we demonstrate the three theorems 
following. 
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THEOREM n. 

40. Li any plane triangle, the sides have the same ratio as the 
sines of the opposite angles. 

Let a, b, c represent the sides 
opposite the angles A, B, C, respec- 
tively. 

From A draw A D perpendicular B~ 
to a. Then A B D and ADC being right angled triangles, 
from Theorem I. we have 

R : c : : sin. B : A D. .-. R X A D = c sin. B. 
R : ft : : sin. C : A D. .-. R X A D = ft sin. C. 

Therefore c sin. B = ft sin. C, 
or, sin. B : sin. G : : b : c. 

Scholium. If one of the angles, as B, should become a 
right angle, then ft will become the hypothennse, and sin. 
B radius, and the proportion will become 

R : sin. C : : h : c, or, R : A : : sin. C : c, 
which is the same as the first proportion in Theorem L 

THEOREM m. 

41. ^ any plane triangle, the sum of any two sides is to their 
difference, as the tangent of half the sum of the opposite angles is 
to the tangent of half their difference. 

Let ABC be a triangle ; then 
AB+BC:BC — BA::tan.i(A + C) 
: tan. i{A — C). 

Produce A B to D, making B D equal 
to B C, and join D C. Take B F equal 
to A B, draw A F and produce it to E. 
A D is equal to A B + B C, and F C to 
B C — B A. The sum of the two angles 
B A F and B F A is equal to the sum 
of B A C and A C B, as each sum is the 
supplement of ABC. Therefore, as 
AB is equal to BF, B AF is equal to i (A + C). If from 
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the greater of two quantities we subtract half their sum, 
the remainder will be half their difference ; therefore, E A 
is equal to ^ (A — C). As BD is equal to BO, the an- 
gles B D C and BCD are equal ; and D A F is equal to 
B F A, and B F A to F E ; therefore the triangles A D E 
and F E C are equiangular ; hence the two angles at E are 
equal, and A E is perpendicular to D C ; and if with AE 
as radius and A as a centre, an arc be described, DE 
becomes the tangent of D A C, and EC of E A C. 
By similar triangles we have 

AD:FC::DE:EO, 
i.e.AB + BO:BC — AB::tan.J(A+C):tan.J(A— C). 

THEOREM IV. 

42. If from any angle of a plane triangle a perpendicular 
he drawn to the opposite side or base, then the sum of the segments 
of the base wiU he to the sum of the other two sides as the differ- 
ence of these sides is to the difference of the segments of the hase. 

From A, in the triangle ABO, draw A 

A D perpendicular to B C. Then 
AB»— BD«=AD« = AC» — DC, 
or, D 0« — B D2 = A C» — A B«. B ^ 

As the product of the sum and difiference of two quantities 
is equal to the difference of their squares, we have 
(DC + BD) (DC — BD) = (AC -f-AB) (AC — AB); 
or, DC + BD:AC+AB::AC — AB:DC — BD. 

Scholium. When the perpendicular falls within the tri- 
angle, the sum, and, when without, the difiference of th^ 
segments of the base is equal to the whole base. 

A 

Case I. 

43. Ex. 1 . Given in the triangle ABC, ^ \ 
B 48% C 66^ lY', and h 41Y, to find the 
other parts. 

A = 180^ — (56^ IV + 48**) = W 43'. 
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The sides can be found by Theorem IT. 

eiti. B 48**, comp. 0.128927 

: sin. A 16^ 43' 9.988223 

::b4:l1 2.620136 

: a 546.12 2.137286 

sin. B 48**, comp. 0.128927 

: sin. C SS** 17' 9.914860 

: : b 417 2.620136 

: c 461.24 2.663924 

Ex. 2. Given in the triangle A B C, A 96** 4', B 26^ 14, 
and c 49.17, to find the other parts. 

Case II. 

44. Given in the triangle A B C, a 65, ft 49.87, and A 25* 
44', to find the other parts. 

(Theorem II.) a 65, comp. 8.269637 

: ft 49.87 1.697839 

: : sin. A 26^ 44' 9^637673 

: sin. B 23^ 11' 2" 9.696149 

C = 180'' — (23'' 11' 2" + 26*' 44') = 131** 4' 58" 

sin. B 23'' 11' 2", comp. 0.404851 
sin. C 131" 4' 58" 9.877234 

: ft 49.87 1^697839 

c 95.483 1.979924 

If B C, the side opposite the given 
angle, is less than the other given 
side AC, and the given angle is 
acute, there are two triangles which 
satisfy the conditions, viz. A D and A C B, in which the 
angles ABC and ADC are supplements of each other. If 
the given angle A is obtuse, and B C is given shorter than 
A C, the solution is impossible ; for there can be but one 
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obtuse angle in a triangle, and the longest side is opposite 
the greatest angle. 

If B C is given longer than A C, there is always one, and 
only one solution. 

K B C is given shorter than the perpendicular G E, the 
solution is impossible; for there can be no triangle with 
such parts. 

Ex. 2. Given in the triangle A B 0, a 95.5, h 173.2, and 
A 2Y** 4', to find the other parts. 

Case III. 

45. Given in the triangle ABC, b 9Y6, c 89, and A 51** 
IV, to find the other parts. 

(Theorem III.) b + c = 1065, comp. 6.9Y2650 

:b — c=zSS1 2.94Y924 

: : tan. J (B + C) = tan. J (180« ) ^^ ,. .. .. 

- 5r IV) = tan. 64« 21' 30" > ^^'^^^^^^ 

: tan. J (B — 0) == tan. 60^ 2' 36" 10.239320 

Half the sum plus half the difference gives the greater 

angle B 124'' 24' 6", and half the sum minus half the dififer- 

ence the less 4^ 18' 54". 

The side a is found by Theorem 11. 

sin. 4^ 18' 54", comp. 1.123553 

: sin. A 51' IV 9.892233 

: : c 89 1.949390 

: a 922.94 2.9651Y6 

Ex. 2. Given in the triangle A B C, a 91, ft 104, and C 14** 
30', to find the other parts. 

Case IV. 

46. Ex. 1. Given in the triangle ABC (Art. 40), a 135, 
b lb, and c 125, to find the angles. 

From A let fall a perpendicular upon a, and the seg- 
ments of the base can be found by Theorem IV. 
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a 135, comp. 


7.869666 


:e + b 200 


2.301030 


: : c — 6 60 


1.698970 



:BD — DC U.01 1.869666 

B D, therefore, is 104.53, and D G 30.46 ; the angles B 
and can be found as in Case 111. of Right-Angled Tri- 
angles. 

In this case the sum of any two sides must be gpreater 
than the remaining side, otherwise the triangle is impos- 
sible. If the perpendicular is drawn to the longest side, it 
will fall within the triangle, and the shorter segment of the 
base will be next the shorter side. 

Ex. 2. Given the three sides 347, 542, and 476, to find 
the angles. 

MISCELLANEOUS EXAMPLES. 

1. Given two angles of a triangle, 45** 4', and 75** 35', 
and the included side 457, to find the other parts. 

2. Given two sides 454 and 753, and the angle opposite 
the first 45** 25', to find the other parts. 

3. Given two sides 57 and 89, and the included angle 
75** 4', to find the other parts. 

4. Given the three sides 41, 74, and 63, to find the other 
parts. 

5. Given in a right-angled triangle the hypothenuse 75, 
and the perpendicular 35, to find the remaining parts. 

6. Given in a right-angled triangle the hypothenuse 919, 
and an acute angle 37** 37', to find the other parts. 

7. Given in a right-angled triangle the base 45.3 and the 
adjacent angle 34** 23', to find the other parts. 

8. Given the three sides 40, 57, and 97, to find the other 
parts. 

9. Given two sides 54 and 35, and the angle opposite 
the second 97** 15', to find the other parts. 

10. Given the three sides 17, 37, and 117, to find the 
other parts. 
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CHAPTER VI. 

PLANE TRIGONOMETRY. — (Continued.) 

Analytical Method.* 

4*1, Instead of considering the Sine, Tangent, &c. as 
lines, having a certain position in a circle, and varying not 
only as the arc, but also as the radius, we consider them, 
in this system, as ratios, varying only as the angle, and 
capable of being represented by certain lines in a circle 
only when the radius is unity. 

48. The Sine of an angle is the ratio of 
the side opposite it in a right-angled tri- 
angle to the hypothenuse. 

That is, if in any right-angled triangle 
A B C we represent the hypothenuse by h, 
and the sides opposite the angles A and B 
by a and b respectively, 

sin. A = t, sin. B = T. (1) 

n n 

The Tangent of an angle is the ratio of the side opposite 
it in a right-angled triangle to the side adjacent. 

That is, tan. A = ?, tan. B = -. (2) 

The Secant of an angle is the ratio of the hypothenuse to 
the side adjacent to the angle. 

That is, sec.A = i sec. B=-. (3) 

a 

The Cosine, Cotangent, Cosecant of an angle are respec- 
tively the sine, tangent, and secant of its complement. 

Therefore, as the acute angles of a right-angled triangle 
are complements of each other, we shall have 

* Those who have taken the Geometrical Method can omit Chapters VL 
andVIL 
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COS. A = sin. B = 



b 1 



COS. B = sin. A = X 

A 

cot. A = tan. B = - 
a 

cot. B = tan. -A. = g 

cosec. A = sec. B = - 
a 

h 



cosec. B = sec. A = 



* J 



w 



49. By inspecting these equations it will be seen that the 
sine and cosecant of an angle are reciprocals of each other ; 
so also the cosine and secant, and the tangent and cotan- 
gent. That is, 



sin. A := 



cosec. A ' 



COS. A = 
tan. A = 



sec. A ' 



cot. A 



or 
or 
or 



cosec. A := 

sec 

cot. A = 



sin. A 

cos. A 
1 



tan. A 



(5) 



50. The sine, cosine, &c. vary only as the angle, i. e. for 
a given angle they are constant. 

Let ADE and ABO be any 
two right-angled triangles, hav- 
ing a common angle A ; they 
are equiangular and similar. 

Hence, 
DE:DA: :BC:BA, i.e. 




BC 



DE _ _, _ . 

DA"~BA~®'°- ^' 
t. e. the sine of the angle A is constiEint, whatever tho 
length of the sides. In the same way it can be proved that 
the cosine, tangent, &c. of a given angle are constant. 

61. The sine, cosine, &c. can be represented by certain 
lines in a circle, when the radius is unity. 
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Let CDF be a triangle, right- 
angled at F. With C as a centre 
and G D as radius, describe a circle 
B A E ; produce F to B, and draw 
B I parallel to F D, and meeting C D 
produced; draw OA perpendicular, 
and D n and A K parallel to G B. 



A 


^/| 


c 


^ 


^ 


/ 


^ 


C F 1 



In the right-angled triangle G D F 


sin. 


r — DF 


COS. 


„ CF HD 
^ — CD — CD 


tan. 


DF_BI 
^ — FC — BC 


cot. 


p CF HD AK 
'' — FD — HC — AC 




„ CD CI 
^ = CF=CB 


cosec 


_ CD CD CK 
■^ — DF — CH— CA 



If G A, CD, G B, i. e. radius, becomes unity, we shall 
have 

sin. G = D F 
COS. G = D H 
tan. G = B I 
cot. G = AK 
sec. G = 1 
cosec. G = G K 

In the Geometrical Method, vnihout limiting the radius to 
unity, these lines are defined as the sine, cosine, &c. of the 
arc or angle to which they belong. 

62. In the right-angled triangle ABC (Art. 48) 



' + 5« = A«. 



(6) 



PLANE TBIGONOMETBT. 



S9 



From (4) and (6) we have 



.'. COS.* A = 1 — sin.* A. 
COS. A = \/ 1 — sin-' -A.. 



(8) 



From (4) we also have 
sin. A a 



COS. A 
sin. A 



T = r = tan. A. 



COS. A 



:= tan. A. 



(9) 



If, therefore, the sine of an angle is known, the cosine 
can be found by (8), the tangent by (9), then the cotangent, 
the secant, and cosecant by (5). 



63. Problem. To find the sine and cosine of (he »um and 
difference of two angles, when their sines and cosines are 
knovm. 

Let FCL and DCF be two an- 
gles, represented respectively by A 
and B. 

Draw C H, making the angle F C H 
= D F ; then H C L = A — B, 
andDCL=:A + B. 

From the points D and H, equally 
distant from C, draw D I and H L 
perpendicular to CL; join DH and draw FK perpendicular, 
and F£ and n G parallel to C L. 

The triangles CDF and CFH are equal ; for by construc- 
tion CD and CH, and the angles DCF and F OH, are equal, 
and CF is common ; therefore, DF is equal to FH, and DH 
is perpendicular to C F. 
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By (i). 



sin. A = 
COS. A = 



FK 
CF' 

CF' 



. J. DF 
sin. B = ^, 

T, CF 
cos.B = jj^, 

Prom (10) we have 



or FK = OFBin. A 

or C K = C F COS. A 

or D F = C D sin. B 

or C F = C D COS. B 



(10) 



F K = F sin. A = C D sin. A cos. B 
C K = C F COS. A = D cos. A cos. B 



} (11) 



The triangles DBF and F K, having their sides perpen- 
dicular, each to each, are similar, and the angle £ D F = 
F C K = A ; therefore, we have 



cos. A = 
sin. A = 



DE 
DF 
EJF 
DF 



or D E = D F cos. A 
or E F = D F sin. A 



(12) 



By (10), (12) becomes 



But 



DE = FG = CD cos. A sin. B 
EF = IK = KL = CD sin. A sin 

FK + DE DI . ,A 1 T>x 

C K — IK CI /■AiT>\ 

CD— =CD = «°«-<^ + ^) 

FK — FG HL . ,. „, 

CD = C H = «'''• ^^ - ^) 

CK + KL CL ,. „. 



in.B} (^^> 



(14) 



By (11) and (13), (14) becomes 

sin. (A + B) = sin. A cos. B -\- cos. A sin. B. (16) 
COS. (A + B) = COS. A COS. B t— sin. A sin. B. (16) 
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sin. (A — B) = sin. A cos. B — cos. A sin. B. (17) 
COS. (A — B) = COS. A COS. B + sin. A sin. B. (18) 

We can write (16) and (lY) in one formula in which the 
upper signs correspond to each other, and also the lower 
ones ; so also (16) and (18), as follows : 

sin. (A ± B) = sin. A cos. B ± cos. A sin. B") r,gv 
COS. (A ± B) = COS. A COS. B qp sin. A sin. B ) 

54. Theorem, The sum of the sines of two angles is to 
ike di^erence of (heir sines as the tangent of half their sum is 
to the tangent of half their difference. • 

The sum of (16) and (lY) is 

sin. (A 4- B) + sin. (A — B) = 2 sin. A cos. B. (20) 

Their difference is 

sin. (A + B) — sin. (A — B) = 2 cos. A sin. B. (21) 

If in (20) and (21). we make 

A + B = M, and A — B = N, 
that is, 

A = i (M + N), and B = HM — N), 
they become 

^n. M + sin. N = 2 sin. J (M + N) cos. J (M — N), (22) 
sin. M — sin. N = 2 cos. HM + N) sin. J (M — N). (23) 

Dividing (22) by (23), we have 

sin. M + sin. N _ sin. ^ (M + N) cos. ^ (M — N) 
sin. M — sin. N ~ cos. ^ (M -f N) sin. ^ (M — N)' 

Reducing the second member by means of (9), we have 

sin. M + sin. N tan. ^ (M + N) .^. 

sin. M — sin. N ~ tan. i (M — N)' ^ ^ 

By means of the formulae already obtained, the sine, co- 
sine, &c. of angles of any magnitude can be found. 
3 
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55. lb find the Hne, &c, of 30** and 60^ 

In (15) make A = 30*, and B = 30** ; as 30** and 60** are 
complements of each other, it becomes 

sin. 60** = cos. 30** = sin. 30** cos. 30** -f cos. 30** sin. 30** 
= 2 sin. 30** COS. 30** 

Dividing by cos. 30**, we have 

1=2 sin. 30** 

sin. 30** = i = COS. 60**, 

whence by (5), (8), and (9) « 

COS. 30** = sin. 60** = Vl— 8in.2 30** = \/l — i'= i ^Z 

tan.30* = cot.60* = jl^ = ^ = V4 ^ (25) 

cot. 30** = tan. 60** = -i- = \/3 • 
1 2 

sec. 30** = cosec. 60** = -^-Ji = ^ 
cosec. 30** = sec. 60** = jt = 2 

56. To find the sine, Sc, of 45**. 

In (T) make A = 45** ; as 45** is complement of 45**, it 
becomes 

sin.2 45** + C0S.2 45** = 2 sin.« 45** = 2 cos.^ 45** = 1 

sin. 45** = COS. 45** = \^i 
whence, by (5) and (9) 



tan. 45** = cot. 45** = ^^°' ^^I = 1 
COS. 45** 

sec. 45** = cosec. 45** = -^ = -r. = a/2 

COS. 45** y^J ^ 



(26) 



57. To find the sine, dec. of 0** and 90**. 

In the right-angled triangle ABO (Art. 50) let A B re- 
volve about A as a centre in the plane ABC; when the 
angle A = 0, B = 0, and A C = A B ; then 
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Bin. A = Bin. 0** = cob. 90'' = ?-5 = 
COB. A-= COB. 0** = Bill. 90** = ^ = 1 



(27) 



whence, by (5) and (9) we have 

tan. 0** = cot. 90« = ^^ = ? = 

COS. 0° 1 

X nAo X Ao sin. 90° 1 

tan. 90* := cot. 0** = -x = ;; = <» 

COB. 90"" 

Bee. 0** = cosec. 90** = — ^ = ^ = 1 

COS. 0^ 1 

Bee. 90* = coBec. Qo = _i^ = J = oo 

68. Tojind the sine, dbc, of 180*. 

In (16) and (16) make A = 90**, and B = 90** ; they be- 
come by meanB of (2Y) 

sin. 180** = Bin. 90** cob. 90** + cos. 90** Bin. 90** = 
COS. 180** = COB. 90** COB. 90** — Bin. 90** sin. 90** = —1 ; 
whence, by (6) and (9), 

X 10AO COS. 180° — 1 . 

''°*- 180» = ;g^-pg^. = -^ = 00* 

cosec. 180* = —, ^ = — :^ 00 

59. To find (he sine, dc, of 2Y0*. 

In (15) and (16) make A = 180% and B = 90** ; they 
become by means of (21) and (28) 

*A80 = -0,=^-^=±co 



(28) 



44 TRIGONOMETBT. 

sin. 270"* = sin. 180" cos. 90" + cos. 180" sin. 90" =« — 1 
C08. 270" = COS. 180" COS. 90" — sin. 180" sin. 90" =« 

whence, from (6) and (9) 

sin. 270° —1 



tan. 210^ = 



COS. 270° "" 
COS. 270° 



sec. 210** = 



1 _ J_ 
COS. 270° 



(29) 



cosec. 210« = g^ = ^ = -1 

60. To find the siney Sc. of 360**. 

In (16) and (16) make A = 180% and B = 180** ; they 
become by means of (28) 

sin. 860" =■ sin. 180" cos. 180" + cos. 180" an. 180" «= = sm. 0" ) ,^^. 
COS. 860" -= COS. 180" COS. 180" — sin. 180" sin. 180" = 1 = cos. 0» J ^ ^ 

Hence the sine, &c. of 360"* are the same as those of 0"*. 



61. To find the eincy dec, of any angle. 

The semi-circumference of a circle whose radius is unity 
is known to be 3.14169266359. If we divide this by 10800, 
the number of minutes in the semi-circumference, it will give 
the length of the arc of 1' = 0.000290888, which may also 
be considered the sine of an angle of 1' (see Art. 61). 

Hence, by (8) we have 



COS. 1' = VI — 8in.« 1' = .999999967T. 

Then by transposing (20) 

sin. (A + B) = 2 sin. A cos. B — sin. (A — B), 

and making B = 1', and A = 1', 2', 8', &c. in succession, 
we obtain for the sines 

sin. 2' = 2 sin. 1' cos. 1' — sin. 0* = .0006811164 

sin. 3' = 2 sin. 2' cos. 1' — sin. 1' = .0008126646 

&c. &c. &c. 
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Having found the sines up to 45^, the cosines up to 45^ 
can then be found by (8) : — 



cos. 2' = VI — Bin.' 2' = .9999998308 



COS. 3' = Vl — Bin.* 3' = .9999996193 
&o. &c. &c. 

62. As the sine of an angle is the cosine of its comple- 
ment, the sines and cosines now become known up to 90^. 
The tangents, cotangents, secants, and cosecants can now 
be found by (6) and (9). 

63. The sines, cosines, &c. of all angles up to 360^ are 
now known ; since, disregarding the algebraic signs, they 
|ire the same between 90** and 180**, 180** and 2Y0**, and 210** 
and 360**, as between 0** and 90**. This will become evident 
as we proceed to find the algebraic signs of the sines, co- 
sines, &c. 

64. Problem, To find the algebrcnc signs of the sines, co- 
sines, dbc. 

For angles between 0** and 90**. 

Since the trigonometric functions between these limits 
are the ratios of lines which we assume as positive, the 
functions themselves must be positive. 

65. For angles between 90^ and 180**. 

In (11) and (18) make A = 180% and B < 90** ; they be- 
come by means of (28) 

sin. (180^ ^ B) = sin. 180^ cos. B — cos. ISO" sin. B » mn. B, 
COS. (180» — B) = COS. ISC'* COS. B + sin. 180" an. B — — cos. B ; 

whence by (6) and (9) 
tan.(180" — B) — — tan.B, cot (180"* — B) — — cot B, 
sec. (180* — B) =- — sec. B, cosec. (180"* — B) — cosec. B. 
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That is, the sine and cosecant of the supplement of an angle 
are the same as those of the angle itself; and the cosine^ tangent^ 
cotangent J and secant are the negative of those of the angle. 

66. For angles which exceed 180*. 

In (16) and (16) make A = 180** ; they become by means 
of (28) 

sin. (ISO* + B) = sin. ISO* cos. B + cob. ISO* an. B »» — sin. B, 
C08. (ISC'* + B) = C08. ISO* COS. B — sin. ISO"* sin. B -= —cos. B; 

whence by (6) and (9) 

tan. (ISO* + B) = tan. B, cot (ISO** + B) « cot B, 

sec. (ISO** + B) =» — sec. B, cosec. (ISO** + B) -= — cosec. B. 

That iS; the tangent and cotangent of an angle which exceeds 
180* are equal to those of its excess above 180*, and the sine^ 
cosine, secant, and cosecant of this angle are the negative of those 
of its excess, 

GoroUary 1. The tangent and cotangent of angles between 
180* and 210* are the same as for angles between 0* and 90*, 
and the sine, cosine, secant, and cosecant are the negative 
of those between 0* and 90*. 

CoroUary 2. The cosine and secant of an angle between 
2Y0* and 360* are the same as for angles between 0* and 
90*, and the sine, tangent, cotangent, and cosecant are the 
negative of those between 0* and 90*. 

6Y. To find the sine, dec. of angles which exceed 360*. 

In (15) and (16) make A = 360* ; they become by means 
of (30) 

sin (360' + B) == sin. 360" cos. B + cos. 360* sin. B » sin. B, 
COS. (860* -j- B) = COS. 860' cos. B — sin. 360* sin. B = cos. B. 

That is, the sine, dbc. of an angle which exceeds 360* are the 
the same as those of its excess above 360*. 
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68. From the results obtained in the preceding articles 
•we form the following 

Tablb. 





0- 


1st. q. 


9(f 


2d q. 


180* 


3dq. 


270- 


4th q. 


sin. 


( n. yal. 
(a. yal. 




± 
±0 


incr. 
incr. 


1 
+1 


deer, 
deer. 




± 
±0 


incr. 
deer. 


1 
—1 


deer, 
incr. 


COS. 


( n. yal. 

sign 

; a. yal. 


1 

+ 
+1 


deer, 
deer. 




± 
±0 


incr. 
d^. 


1 
—1 


deer, 
incr. 




± 
±0 


incr. 
incr. 


tan. 


n. yal. 

sign 

a, yal. 




± 

±0 


incr. 
incr. 


00 

± 

±00 


deer. 
Incr. 




± 

±0 


incr. 

+ 

incr. 


00 

± 

±00 


deer, 
in^. 


cot 


(n.yal. 
( a. yal. 


00 

± 

±00 


deer, 
deer. 




± 
±0 


incr. 
d^. 


00 

± 

±00 


deer, 
deer. 




± 
±0 


incr. 
dea-. 


sec. 


n. yal. 
1 sign 
I a. yal. 


1 
+1 


incr. 
incr. 


00 

± 

±00 


deer, 
incr. 


1 
—1 


incr. 
deer. 


00 

± 

±00 


deer, 
deer. 


— 


n. yal. 
a. yal. 


00 

± 

±00 


deer, 
deer. 


1 . 

+1 


incr. 

+ 

incr. 


00 

± 

±00 


deer, 
i^r. 


1 
—1 


incr. 
deer. 



q., quadrant n. yal., numerical yalne. a. yal., algebraical yafaie. 

incr., increasing. deer., decreasing. 

The sin. and cos. varies from — 1 to + 1, 
" tan. and cot " " — oo " -f-oo , 
" sec. and cosec. " " — oo " — 1, and -f-1 to -f- oo. 

Before taking Chapter YII., the student must take Art. 
2t-31, inclusive. 
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CHAPTER VIL 

PLANE TRIGONOMETRY. — (Cbfitimierf.) 
Analytical Method. 

69. In every plane triangle there are six parts, viz. three 
sides and three angles. Of these, any three being given, 
provided one is a side, the others can be found. 

RIGHT-ANGLED TRIANGLES. 

In a right-angled triangle, one of the six parts, viz. the 
right angle, is always given ; and if one of the acute an- 
gles is given, the other is known ; therefore, in a right- 
angled triangle, the number of parts to be considered is 
four, any two of which being given the others can be 
found. We may have four cases, according as there are 
given, 

1. The hypothenuse and one acute angle, 

2. One leg and one acute angle, 

3. The hypothenuse and one leg, 

4. The two legs. 

All of these can be solved by the following theorem : 

THEOREM I. 
*10. In any right-angled plane triangle^ 

1st. The side opposite an acute angle is equal 
to the product of the sine of this angle and the 
hgpgihenuse, 

2d. The side opposite an acute angU is equal 
to the product of the tangent of this angle and 
the sid& adjacent to this angle. 
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Let ABC be a triangle, rij 


^ht-angled at C. 


By(l) Bin.A = ?, 


sin. B = T» 


hence a =r A sin. A, 


5 = A sin. B. 


By (2) tan.A = |, 


tan. B = - ; 
a 


hence a = 5 tan. A. 


5 = a tan. B. 



Corollary, As sin. A = cos. B, and sin. B = cos. A, 
a = A COS. By 5 = A cos. A. 

Gasb I. 

tl. Ex. 1. Given, in the right-angled triangle ABO, 
A 255, and A 5^ 14', to find a and h. 

By Natural Numbers. 
a = A sin. A = 255 X -84088 = 214.42 
b = h cos. A = 255 X .54122 = 138.01 

By Logarithms. 

a=:h sin. A = log. 255 + log. sin. A 

log. 255 2.406540 

log. sin. 5r 14' 9 .924735 
log. 214.42 2.3312T5 

ft = A COS. A = log. 255 + log. cos. A 
log. 255 2.406540 

log. COS. 5r 14' 9.Y333Y3 
log. 138.01 2.139913 

NoTB. As the logarithmic sine, &c. of the tables are increased by 10 
(Art 27), the resulting logarithm mast be diminished by 10 as often as these 
Junctions appear <u factors. 

In the cases that follow, where division is performed by logarithms, we add 
the complement As the logarithmic sine, &c. of the tables are increased by 
10, the resulting logarithm is the logarithm sought 
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All the Examples in Trigonometry can be performed by 
Natural Numbers ; but, in order that the learner may be- 
come familiar with the use of Logarithms, as it is more 
expeditious, we shall, hereafter, use only the Logarithmic 
method. 

Ex. 2. Given A 1676, and A 6^ 13', to find a and b. 

Case II. 

12. Ex. 1. Given a 196, and B 64** 43', to find the other 
parts. 

a 195 2.290035 

sin. A = cos. 64'' 43', comp. 0.369476 
h 456.57 2.659511 

h 456.57 2.659511 

sin. 64'' 43' 9.956268 
b 412.84 2.615779 

Ex. 2. Given b 1075, and B 75** 49', to find a and h. 

Case III. 

73. Ex. 1. Given h 24.5, and a 17.4, to find b, A, and B. 

a 17.4 1.240549 

h 24.5 comp. 8.610834 

sin. A 45'' 15' 5" 9.851383 

B = 90" — 45" 15' 5" = 44" 44' 55" 

h 24.5 1.389166 

sin. B 44" 44' 55" 9.847571 
b 17.248 1.236737 

Otherwise b can be found from the formula a* + 5^ = A*. 



.-. 5 = -v/A^ — a^ = V(A + a) (A — a), 
log. b = ^og' (^ + Q) + H' (^ — Q) ^ 

Ex. 2. Given A 172.8, and b 14.17, to find the other parts. 
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Case IV. 

74. Ex. 1. Given a 195 and h HI, to find the other parts. 

a 195 2.290035 

b U1 comp. t.832688 

tan. A 52** 59' 22" 10.122718 

B = 90* — 52'' 59' 22" = 3^ 0' 38" 

a 195 2.290035 

Bin. A 52** 59' 22", comp. 0.097712 

A 244.2 2.387747 

Otherwise h can be found from the formula a* -f- ^ = ^* 
and * then the angles by using the Jirsi equations of Theo- 
rem I. 

Ex. 2. Given a 189 and h 14, to find the other parts. 

75. In the following examples, two parts of a right-an- 
gled triangle are given, and the others required. 

1. Base 217, hypothenuse 915. 

2. Two legs 174 and 1927. i^ ' V^ <-' <^ '-' 

3. Perpendicular 17.94, and angle opposite 15® 39'. 

4. Hypothenuse 47.9, and an angle 59® 17'. 

5. Perpendicular 298, and hypothenuse 744. 

OBLIQUE-ANGLED TRIANGLES. 

76. In solving oblique-angled triangles, there are four 
cases. There may be given, 

1. Two angles and a side^ 

2. Two sides and angle opposite one of them, 

3. Two sides and the included angle, 

4. The three sides. 

For solving these we demonstrate the three theorems 
following. 
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THEOREM n. 

71. ^ anyjiUme triangle^ the sides have the same ratio as the 
sines of the opposite angles. 

Let a, h, c represent the sides -^ 

opposite the angles A, B, C, respec- c^y"^"^"^ i \6 

tively. ^^^y^ ^ I \ 

From A draw AD perpendicular ^ D ^ 

to a. Then A B D and ADO being right-angled triangles, 
from Theorem I. we have 

c sin. B = A D = 5 sin. C. 

Hence, 

h : c I : sin. B : sin. C. 

In the same way it may be proved that 

a : b : : sin. A : sin. B, 

and these two proportions may be written 

a : h : c : : sin. A : sin. B : sin. G. 

THEOREM m. 

T8. In any plane triangle^ the sum of any two sides is to their 
difference as the tangent of half the sum of the opposite angles is 
to the tangent of half their difference. 

By Theorem II. we have 

a ih : I sin. A : sin. B. 
By composition and division 
a '\'h : a — h : : sin. A + sin. B : sin. A — sin. B ; 



or, ^ — -, — T -. — ^. 

a — sin. A — sm. B 



a -\-h sin. A -\- sin. B 

But by (24) 



sin. A + sin. B _ tan. \ (A + B) , 
sin. A — sin. B tan. ^ (A — B) ' 
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therefore, 

a — ft ~ tan. i (A — B) ' 
or, a + 5 : a — J : : tan. J (A + B) : tan. J (A — B). 

Theorem IY. and the application of these principles the 
student will find in Chapter V., beginning at Art. 42. Where 
reference is made to Theorem I., &c. it will be understood to 
mean Theorem I., &c. of this Chapter. 
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CHAPTER VIIL 

MEASUBEMENT OF LINES AND ANGLES. 

19. A Horizontal Plane is a plane which is tangent to 
the. earth's surface, and every line in this plane is a hori- 
zontal line. 

A Vertical Line is a line which is perpendicular to a 
horizontal plane, and every plane passing through such a 
line is a vertical plane. 

A Horizontal Angle is one that has the plane of its sides 
horizontal. 

A Vertical Angle is one that has the plane of its sides 
verticaL 

An Angle of Elevation is a vertical angle having one 
side horizontal, and the inclined side above it. 

An Angle op Depression is a vertical angle having one 
side horizontal, and the inclined side below it. 

80. In measuring lines, Gunter's chain is used. It is 
four rods long, and has one hundred linkd. 



Table op Linear Measure. 


12 inches 


= 


1 foot. 


3 feet 


= 


1 yard, 


16J feet 


= 


Irod, 


40 rods 


= 


1 furlong, 


8 furlongs 


= 


1 mile. 


1.92 inches 


= 


1 link, 


25 links 


= 


Irod, 


4 rods 


— — 


1 chain. 
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If the length of a line is expressed in chains, the links 
can be expressed as hundredths of a chain. If the length 
of a line is expressed in rods, the links multiplied by four 
will be the hundredths of a rod. 

E. g. 25 chains and 13 links = 25.18 chains, 
14 rods " 13 " =14.52 rods. 

In measuring lines, to mark the termination of each 
length, and the number of lengths, some use, with the 
chain, nine pins, and some ten. When the rear man has 
picked up nine pins, the leader has passed over ten lengths, 
or one tcdly, as it is called, and the rear man then carries 
forward to the leader the pins, and from the end of the 
tenth length a new tally begins as before. 

To keep the number of tallies in measuring long lines, 
it is convenient to have small rings, or bits of leather, 
which can be slipped upon the handle of the chain, or 
small pieces of coin or pebbles which can be changed from 
one pocket to another. The chain must be drawn tight 
between the pins, and be in the direction of the line to be 
measured. 

81. All surfaces are referred to horizontal planes. There- 
fore, in measuring inclined surfaces, the chain must be held 
in a horizontal plane. If the ascent or descent is very 
steep, it may be necessary to use half the length of the 
chain, or less. 

In this section of country, surveyors generally use half a 
Gunter's chain. 

82. The instrument in common use for measuring hori- 
zontal angles is 

The Surveyor's Compass. 

A magnetic needle is balanced upon a pivot in the centre 
of a compass-box, whose circumference is accurately divided 
into 360°. These degrees are reckoned both ways from 
the extremities of a diameter to 90°. In a line with this 
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diameter are the two sight-vanes, which are attached to the 
compass-box at right angles. In the line of this diameter 
there is also a spirit-level, and, at right angles to it, another, 
so that the needle, when the compass is adjusted, may play- 
in a horizontal plane, and the line through the sight-vanes 
He in the same vertical plane as the diameter mentioned 
above. 




BCD, compass-box ; E F and Q H, sight-yanes ; A and B, leveb. 

The whole is connected, by a universal joint, to a tripod. 
When the line through the sight-vanes has been made to 
coincide with the line whose direction is required, the num- 
ber of degrees at the extremity of the needle must be 
read from the circumference of the box, and the line 
required is just so many degrees east or tcest of north or 
south, according as the line of the sight-vanes is east or 
west of the end of the needle. If the direction is as in 
the figure, if the line be considered as running from F to H, 
it would be N. 60* W. ; if from H to F, S. 60* E. 

The angle which a line makes with the meridian, together 
with the letters denoting the point of compass, is called its 
hearing. - 

83. Having found the hearing of two lines which form an 
angle, it is easy to find, hy inspection, the number of de- 
grees in the angle. * 
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E. g. If from the point A the 
bearing of A B is N. 40** W., and 
AC, N. 76° E., it will be seen, at 
once, that the angle B A is 116®. 

If the bearing of AD is S. 46° E. 
(from the point A), the angle CAD 
is 60°, and the angle B A D is 176°. 



84. For measuring vertical angles, a compass sometimes 
has its universal joint so made that the face of the compass 
can be placed in a vertical plane. In this case it has a mov- 
able index hanging from the centre, and a screw by means 
of which the magnetic needle is fastened, while the compass 
is used for this purpose. 

It is evident that, when the face of the compass has been 
80 placed, and a line through the sight-vanes is in a hori- 
zontal plane, this index will point at 90°, and, if the line 
through the sight-vanes is directed to any object above or 
below this plane, the index will point as many degrees from 
90, as this line is above or below the horizontal plane. 



85. An instrument for measuring angles, or a goni- 
ometer, can be easily made as follows : — 

Divide the circumference 
of a circular piece of wood 
or metal into 360 degrees, 
numbering both ways, as 
shown in the figure. In the 
centre of the circle fix a 
sharp metallic point, and 
on it balance a rule with a 
straightedge, with sights at 
either end. Fasten to this 
rule an index or pointer in 
such a way that it will pass 
3* 




68 TBIGONOMETBY. 

over the diyisions of the circle as the rule revolves, and 
place the whole upon a staff or tripod. 

For measuring vertical angles, it would be better to fasten 
the rule to the circle on the diameter which cuts the figures 
90 and 2Y0, so that both will revolve together, and allow 
the index to hang loosely from the centre, like the brass 
index of the compass. 

86. To measure a horizontal angle, set the centre of the 
goniometer over the vertex of the angle, bring the face of 
the circle into a horizontal plane, and direct the rule to 
a rod or sta£f, placed at some distance in the line; then, 
keeping the circle in its position, revolve the rule until it 
points to a rod or staff in the other line ; the number of 
degrees passed over by the index will be the number of 
degrees in the angle. 

A vertical angle is measured in the same manner as with 
the compass. 

HBIGHTS AND DISTANCES. 
Problem I. 



87. To determine the height of a vertical obfed standing on 
a horizontal plane. 

Suppose it is required to find the 
height of A B. 

From the foot of A B measure any 
convenient distance B C, and at C take 
the angle of elevation A C B. Then, in ^ %~ 
the right-angled triangle A B G, all the 
angles and the side B are known, and A B can be found 
by principles already demonstrated. 

88. Second Method. Without taking the angle of elevation 
A B, the height of A B may be found, as follows : — 



,'/ Ii| 
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Cut a stake equal in length to the distance of your eye 
from the ground ; move away from A B, until, by taking the 
position C D in the figure, with your head at G and the stake 
D E standing perpendicular at your feet, you can just see, 
in a line with the top of the stake, the top of the object. 

Then, C D being equal to D E, by similar triangles, B 
is equal to A B, and if C B is measured, A B becomes 
known. 

This method is often used in finding the heights of trees, 
or, rather, the length of that part of the tree which is fit 
for timber. 

89. Third Method. When shadows are cast by objects, 
still another method can be used. 

Measure the height of any convenient vertical object and 
the length of its shadow, and also the length of the shadow 
of the object whose height is sought. Then, by similar 
triangles, the length of the shadow of the one is to its 
height, as the length of the shadow of the other to its 
height. 

90. K the height A B is known, by taking any position, 
as C, and measuring the angle A G B, as before, the distance 
B G can be found. 

If from the top of the tower the angle of depression, 
which is equal to A C B, be taken, then, if AB is known, 
B G can be found ; if B C is known, A B can be found. 

Ex. The distance B C is 100 feet, and the angle A G B 
41** 16' ; what is the height of the tower ? 

Problem II. 

91. To find the height of a vertical ohject^ standing on an 
inclined plane. 
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Measure any convenient 
distance from the object, 
as B D; and the angles of 
elevation of both D A and 
D B. Then all the angles, 
and the side BD, of the 
triangle A B D, are known, 
and A B can be found. 

Ex. 1. If BD is 55 feet, and the angle of elevation of 
D B is 10% and of D A 36^, what is the height of the 
tree? 

Angle A D B = 36** — 10^ = 26% 

Angle D A B = 90** — 36** = 54% 

Ans. 29.8 feet. 

92. Second Method. If two stations be taken in the line 
B C, as and D, and the distance C D and the angles of 
elevation of C A, C B, and D A be measured, then, in the 
triangle A C D, all the angles become known, and the side 
C D is given, and A D can be found ; then, in the triangle 
A D B, all the angles and the side A D become known, 
and AB and BD can be found. 

Ex. 2. If C D is 11.5 feet, and the angle of elevation of 
C A 38% of D A 41% and of C B 9% what is the height of 
the tree? 

Angle ACD = 29% ADB = 32% CAD = 8% and 
A B D = 99°. Ans. 57.155 feet. 

Problem III. 

93. To find the height of an inaccessible ohfect above a Aon- 
zontcd plane* 

The first methodic pre- A 

cisely the same as the 
last method in Prob. IL, 

the angle of elevation ^ "^^^ v/ \ 

of C D being 0% C^=^^— "d ^ 
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94. Second Method. Kule. Divide the distance between the 
stations hy the difference of the ncUural cotangents of the angles 
of elevation. 

Demonstration.* 

With A as the centre, and 
AC as radius, describe the 
arc C E ; produce A B till it 
meets the *arc at E *, at the 
point E draw a tangent to 
the arc, and produce AD and 
A C to H and G. 



CD 



GH: 
CD 




AB = 



AE X CD 
GH • 



But A E is radius or unity, and GH is the difference 
between the tangents of the angles G A E and H A E, i. e. 
between the cotangents of A C B and A D B ; 

CD 



AB = 



cot. AC B — cot AD B* 



Ex. 1. If the distance C D is 97 feet, and the angles of 
elevation of C A and DA are, respectively, 37** 22' and 56* 
10', what is the height A B ? 

cot. Sr 22' 1.30952 
cot. 56** 10' .67028 

.63924)97.00000(151.7 feet. Ans. 

95. Third Method. Measure any base line C D, and the 
horizontal angles BCD and B D C, and the vertical angle 



* Analytical. BC =» AB tan. B AC, BD = AB tan. B A D. 

.-. BC — BD = CD = AB (tan. B A C — tan. B A D). 
CD 



AB: 



cot. ACB — cot ADB' 
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A C B. Then, in the tri- 
angle B C D, we have one 
side and all the angles, 
and B G can be found ; 
then, in the right-angled 
triangle A C B, we have 
one side and all the an- 
gles,, and the height A B 
can be found. 

Ex. 2. At the point G, I took the angle of elevation of 
the top of the tower A B 34^ 45' ; then, turning at a right 
angle, I measured off G D 40 feet, and measured the angle 
B D C 68**. Required, the height of the tower. 

Ans. 44.4 feet. 



Problem IV. 

96. To find the distance of an in^ 
accessible object. 

Measure a horizontal base line A B, 
and the angles GAB and A B G. 
Then, in the triangle A B G, we have 
one side and all the angles, and A G 
or B G can be found. 



Ex. If A B is 20 chains, the angle A 25'' and B 92'', 
what is the distance AG? 




Problem V. 

9T. To find the distance between two objects separated by an 
impassable barrier. 

Take any station B, from which both 
A and G are visible and accessible. 
Measure the angle A B G, and the sides 
A B and B G. Then, in the triangle 
A B G, we have two sides and the in- 
cluded angle, to find the third side A 0. 
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98. If, however, the point A can be seen at C, the angle 
A C B can also be measured, and then only one side, B C or 
A B, whichever is most convenient, needs to be measured. 
Then, in the triangle ABC, we have one side and all the 
angles, and A can be found. 

Ex. 1. If A B is 44.4 chains, BC 50 chains, and the angle 
B 39** 26', what is the distance AC? 

Ans. 

99. If there is an elevated object, whose height is 
known, in the line A C produced, from which the points A 
and C can both be seen, by taking the angles of depression 
of A and C, the distance A G can be found by a rule the 
reverse of that given in Art. 94, i. e. Multiply the difference 
of the natural cotangents of the angles of depression ly the height 
of the ohject. 

Ex. 2. Wishing to know the width of a river, from the 
top of a tower 197 feet above the level of the river, I found 
the angle of depression of the nearer edge 54° 10', of the 
farther 48** 31' ; what was the width of the river ? 

Ans. 31.3 feet. 

Problem VI. 

100. To find the distance between two inaccessible objects. 

Measure any convenient base 
line B C, and the angles ABC, 
A C B, D C B, and D B C. 

Then, in the triangle ABO, 
we have all the angles and the 
side B C, and A C can be found. 
In the triangle D B C we have 

all the angles and the side B C, B C 

and D C can be found. Then, in the triangle A CD, the two 
sides A and D C and the included angle are known, and 
A D, the distance required, can be found. 





64 TBIGOKOMETBY. 

Ex. If B C is 40 rods long, the angle ABC 100°, A B 
Si**, D C B 120°, and D BC 66°, what is the distance between 
A and D ? . Ans. 

Problem VII. 

101. To find the distances, from a given pointy of three objects 
whose distances from each other are known. 

Let D be the given point, and A, B, 
and three points whose distances 
from each other are known ; it is re- 
quired to find the distance from D to 
the several points. The angles A D B 
and B D C must be measured. Then 
describe a circumference through the 
three points A, D, and C ; draw A B, 

BC, AC, AD, BD, and CD; and ^^^^ ^ 

from A and C draw lines to E, the point where B D cuts the 
circumference. In the triangle A E C the side A C is given, 
and all the angles are known ; for A C E == A D E, both 
standing on the same arc A E, and EAC = EDCfora like 
reason ; therefore, A E can be found. 

In the triangle ABC, the three sides being given, the 
three angles can be found. Then, in the triangle E A B, we 
know the sides A B and A E, and the included angle B A E 
(= B A C — E A C), and the ^gle A B E can be found. 

Then, in the triangle ABD, all the angles become known, 
and the side A B is given ; therefore, A D and B D can be 
found ; then D C can also be found. 

This problem (sometimes called the three-point proUem) is 
useful in finding the distance of a ship from land, when 
within sight of objects on the shore. 

The four points A, B, C, and D may be in any position 
with relation to each other, except aU in the same straight 
line. 
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If the point B is between D and the line A C, the angle 
BAE = BAC + EAC. But, in this case, the distances 
A B and B C cannot be the same as when B is beyond the 
line A C, unless B D cuts A C at right angles. 

If, however, B D cuts A C at right angles, and the position 
of B is not knovm, though the distances of A and C from D 
can be found, the distance of B will be ambiguous ; B may 
be in either of two points in the line B D. 

If the hearing, as well as the distance, of any one of the 
objects from another of them is known, it will only be 
necessary to take the bearing of these two objects, and the 
distances can be calculated at once by Theorem II.'*' 

Ex. If A B is 50, B 65, and A 38.62 chains in length, 
the angle AD B 10^ and BD C 12** 14', what. are the dis- 
tances A D, B D, and C D ? 

Ans. AD 100, BD 145.37, CD 84.828 chains. 

MISCELLANEOUS EXAMPLES. 

1. The distance up the inclined surface of a hill, whose 
angle of elevation is T^, is 25 rods ; the hill descends on the 
other side to the same level, with an inclination of 15®. 
How many pickets three inches wide, placed three inches 
apart, will it take to build a fence over the hill ? 

2. Having measured a horizontal line from the base of a 
vertical tower to the distance of 160 feet, I find that the 
angle of elevation of the top of the tower is 21**. What 
is the height of the tower ? 

3. Having measured from the base of a hill, wholse incli- 
nation is 65°, 25 rods on a horizontal plane, I find that 
the angle of elevation of the top is 16° 25'. What is the 
altitude of the hill above the horizontal plane? 

* Theorems I., U., &c. refer to Chapter V. or VIL, according as the 
student has taken the geometrical or analytical method. 

4 > 
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4. Two observers, A and B, at sea, one mile apart, takd 
at the same time the angles of elevation of a meteor which 
appears due west of each. A finds the angle 21° 60", 
B 19° 30'. What is its altitude ? 

6. From a steeple 65 feet above the level of an adjacent 
pond, the angle of depression of one edge is 40° 10', of the 
other 21° 30'. What is the width of the pond, and its 
distance from the church ? 

6. When a tree 25 feet high casts a shadow 100 feet 
long, what is the sun's altitude ? 

T. Prom the base of a tower, the angle of elevation of 
the top of a second tower is 30°, and from the top of the 
first, which is 1*75 feet high, the angle of depression of the 
top of the second is 10°. If both stand on the same hori- 
zontal plane, what is the height of the second ? 

8. Having run a line 85 rods S. 45° E., I came to an 
impassable marsh, and, sending a man round to the other 
side of the marsh, I placed him exactly in the line ; then, 
running N. 20° E. 20 rods, I found that the bearing of the 
man was S. 24° E ; then, going to the man, I ran the line 
(S. 45° E.) to the corner 44 rods farther. Required, the 
whole length of the line. (See Art. 83.) 

9. Wishing to find the distance between two objects just 
visible in the distance, I measured a base line 100 rods due 
east, and, at the west end of the line, found the bearing of 
both objects ; one N. 17° W., the other N. 45° E. ; at the 
other end, one N. 23° 30' W., the other N. 40° E. What is 
the distance ? 

10. Coming into a harbor, I observed a tower, to the 
east of it a steeple, and still farther east a cliflF. The bear- 
ing of the tower was found to be N. 17° E., of the steeple 
N. 20° E., and of the cliff N. 26° 30' E. From a chart, the 
three objects were found to be in one straight line ; from 
the tower to the steeple the distance was set down as 25 
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rods, and from the steeple to the cliff 64/;^ rods. Required, 
my distance from each object. 

11. In the ruins of Persepolis there stand two upright 
columns, one 64, the other 50 feet above the plane ; in a 
line between these, on the same plane, stands a statue, the 
head of which is 86 feet from the summit of the lower, and 
97 from that of the higher column, and the distance from 
the foot of the lower column to the centre of the base of 
the statue is 76 feet. Required, the distance between the 
tops of the columns. 

12. If the horizontal parallax of the sun, i. e. the angle 
at the centre of the sun, subtended by the radius of the 
earth, is 8^^5776, what is the distance of the sun from the 
earth? 

Radius of the earth is 3962 miles. 
Log. sine 8".6776 is 6.6189407. 

13. If the angle at the earth, subtended by the sun's 
diameter, is 32', and the distance is as found in the preced- 
ing example, what is the diameter of the sun ? 

14. If the moon's horizontal parallax is 57' 9", what is 
its distance from the earth ? 

15. If the moon subtends an angle at the earth of 31' 7", 
and its distance is as found in the 14th example, what is its 
diameter ? 

16. If the annual parallax, i. e. the angle at the oli^t, 
subtended by the radius of the earth's orbit, of the nearest 
fixed star (a Centauri) is nearly 1" (log. sine 4.685575), 
what is its minimum distance ? 



68 TRIGONOMETBY. 

CHAPTER IX. 

DETERMINATION OP AREAS. 

102. The Area of any surface is measured by the num- 
ber of times a surface, which is assumed as the unit of 
measure, is contained in the given surface. 

This unit of measure is a square, each of whose sides is 
a linear unit, generally of the same name. Hence, a square' 
imit is the square of the linear unit, and a table of square 
measure is found by squaring the units in a table of linear 
measure. 

Table of Square Measure. 
144 square inches == 1 square foot, 
9 " feet =1 " yard, 
212i " " =1 " rod, or pole, 
40 *' rods = 1 rood, 
16 roods = 1 square chain, 

10 square chains = 1 acre, 
640 acres = 1 square mile. 

Problem I. 

103. To find the area of a parallelogram. 
Rule I. Multiply the base by theaUitude. 

For the demonstration of this rule, see Geometry. 

Ex. How many square yards are there in the sides, floor, 
and ceiling of a rectangular room, 20 feet long, 16 feet wide, 
and 10 feet high ? 

If the sides and angles are given, the area can be 
found by 

Rule II. Multiply together two adjacent sides and the sine of 
the included angle. 
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A B 



For, by Theorem L, 

B E == A B X Bin. A, 
Area = BE X AD = AD X AB X sin. A. 

If the work is done by logarithms, 
ten must be taken from the index of 
the log. sine, or ten can be taken 
from the index after addition. (Art. 
27.) 

Ex. What is the area of a parallelogram with an angle 
of 49**, and the two sides including it, 475 and 355 feet t * 



Problem II. 

104. To find the area of a triangle. 

Rule I. Multiply one half the base hy the altitude. 

When two sides and the included angle are given, we use 

Rule II. Multiply together the two tides and one half the sine 
of the included angle. 

As a triangle is half a parallelogram of the same base and 
altitude, the rationale of this rule is the same as that of 
Rule II., Art. 103. 

Ex. What is the area of a triangle whose two sides are 
75 and 14 rods, and the included angle 71'*? 

105. When the three sides are given, one angle can be 
found, and then the area by the last rule ; or, without find- 
ing an angle, the area can be found by the following rule : 

Rule III. I^om half the sum of the three sides subtract sue- 
cessively the three sides; multiply together these three remainders 
and the half sum, cCnd extract the square root of the product. 

Demonstration. 

Let a, b, c denote, respectively, 
the sides opposite the angles A, B, 
C. From a well known proposition 
in Geometry, we have 
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A C« = A B^ -I- B C« — 2 B X B D, 
or ^ = c« + a« — 2axBD; 

.,BD = ^+f=i'. 

But 

AD« = AB« — BD«; 



and 

4 a" 



^jj^ /4£^-i^+^-J0' 



. _ BCX AD _ a l icfi? — (<» -\. (f — V)> 
Area _ ^ " 2 V 4rf^ 



= 2V/- 



16 

As the product of the sum and difference of two quanti- 
ties is equal to the difference of their squares, we have 

4a«c*— (c*+a»— y)«'=(2ac— [c«+a*— »«]) X (2ac+[c»+a»— 5«]). 

But 
2ac — (c*-fa« — 50-=^— («•— 2ac + a«) — y — (c — a)«, 
and 

ftt— (c— a)«=(6+[c-a])X (&— [c-a])-(H-c-<i) X (b+a-^): 
and so also 

2ac+(c«-f-a« — JO-^Cc + fl)" — ^-=(c + a— 6)X(c + a + 6); 
.-. Area = . / C^+^+^) X (^+^~^) X (b+a-c) X (H-^-a) 

Putting 

a + h+_c 
*— 2 ' 

we have 

Area = \/« (« — a) (« — b) (s — c). 

Ex. What is the area of a triangle whose sides are 45, 

56, and 60 feet? 160 ^^ 

^ = ^ = 80. 
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so: 


Log. 1.903090 






so- 


— 45 


= 35 


" 1.54406S 






so- 


— 55 


= 25 


" 1.391940 






80- 


-60 


= 20 


" 1.301030 








2)6.14612S 










3.073064 












Ans. 1183.2 


square 


feet. 






Probt.rh III. 







106. To find the area of a trapezoid. 

EuLE I. Multiply half the sum of the paraUel sides hy the per- 
pendicular distance between them. 

Or, if the angles are known, we can use 

Rule II. Divide the trapezoid hy a diagonal^ and find the 
area of each triangle (Rule 11., Art. 104) ; their sum will he the 
area required. 

If the length of the diagonal is known, the area of these 
triangles may be found by Rule III., Art. 105. 

This second rule applies equally well to a trapezium. 

Ex. 1. Find the area of a trapezoid whose parallel sides 
are 91 and 84, and the perpendicular distance between them 
41 feet. 

Ex. 2. Find the area of a figure whose four sides are, 
successively, 27, TT, 28, and 85 rods in length, the angle 
between the first and second side 93°, and between the third 
and fourth T6° 15'. 

Ex. 3. Find the area of a trapezium whose sides are, 
successively, 35.8, 13.32, 35.84, and IT. 8 rods, and the line 
from the beginning of the first to the end of the second side 
38.9 rods. 

Problem IV. 

lOT. To find the area of any irregular figure hounded hy 
straight lines. 
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If the diagonals necessary to divide the figure into tri- 
angles have been measured, the area can be found by finding 
the sum of the areas of the several triangles. 

When these diagonals are not known, the method gener- 
ally used by surveyors is called the rectangular method. 

The exposition of this method will be found in the follow- 
ing chapter. 

108. The following additional rules are given as con- 
venient for reference : — 

Circumference of a circle = D X 3.14169. 

Area of a circle = D» X .T864, or ? X ^. 

2 2 

Solidity of a prism or cylinder = area of base X altitude. 
Solidity of a pyramid or cone = area of base X i altitude. 
Surface of a sphere = Circ. X D, or D» X 3.14169. 
Solidity of a sphere = D» X .5236, or Surface X i R- 
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CHAPTER X. 

MENSURATION OF LAND. 



109. Surveying is the art of measuring, laying out, and 
dividing land, and delineating the same on paper. 

In order to obtain the area of a tract of land by the 
method to be explained in this chapter, the horizontal lengths 
of its sides must be measured, and their bearings taken. 
With these data, called the field-book, the area of the field, 
referred to a horizontal plane, is found. For this purpose 
we make use of the 

Traverse Table. 

110. From this table we can find the difference of hxtUude 
and departure, or, as it is sometimes called, the northing or 
southing, and easting or westing, of any line whose length and 
bearing are given. 

By difference of latitude* of a line is meant the distance one 
end is farther north or south than the other ; by departure^ 
the distance one end is farther east or west than the other. 

If A B is N. 2r E. 26 rods, from the traverse ^ 
table, on page 56, under the column marked 
at the top "27 deg./' in a line with the num- 
ber 25 in the columns entitled "distance'' 
will be found the diflf. lat. A 22.28, and the 
dep. C B 11.35 rods. 

Degrees above 45 are to be found at the 
bottom of the page, and the lat. and dep. 
columns are reversed. 

E. g. If a line is S. TT** W. T5 chains, the 
diffl lat. or southing will be found to be 16.8T, and the dep. 
or westing, 73.08 chains. 




* Called also latittuk, for the sake of brevity. 
4* 
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In short, the traverse table gives the length of the legs of 
all the right-angled triangles formed by drawing a perpen- 
dicular from one end of a line revolving about the other end, 
to the meridian passing through this other end. 

If the length is greater than 100, the lat. and dep. are 
found by adding to the lat. and dep. of 100 the lat. and dep. 
of the balance. 

E. g. Required, the lat. and dep. of a line running S. 
69^° E. ITO rods. 35.02 93.6T 

24.51 65.57 



Ans. Lat. 59.53, dep. 159.24 rods. 

If there are decimals in the given length, find the lat. and 
dep. the same as for whole numbers, and then remove the 
decimal point of the table to the left, according to the num- 
ber of decimal places in the given length ; or, (where there 
are three or more figures in the given number,) find the lat. 
and dep. for the whole number, and add to it the lat. and 
dep. of the decimal part. 

E. g. 1. Eequired, the lat. and dep. of a line running N. 
25° W. 0.6T rods. Ans. Lat. .607, dep. .283 rods. 

2. Required, the lat. and dep. of a line running S. 75° E. 
2.5 chains. Ans. Lat. .647, dep. 2.415 chains. 

3. Required, the lat. and dep. of a line running N. 72° 
30' E. 67.75 rods. 20.15 63.90 

.23 72 



Ans. Lat. 20.38, dep. 64.62 rods. 

When the given minutes are not 15, 30, or 45, the pro- 
portional part to be added, or subtracted, can be found by 
inspection. 

E/g. Required, the lat. and dep. of a line running N. 54** 
20' W. 76 chains. 

N. 54° 15' W. 76 lat. 44.40 dep. 61.68 
For the additional 5' — 9 6 



Ans. Lat. 44.31, dep. 61.74 chains. 
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111. With the following field-book we will first find the 
lat. and dep. of each side from the Traverse Table : — 



No. 


Coorses. 


Diit. R. 


N. 


8. 


£. 


W. 


1 


N. 65- B. 


13. 


7.46 




10.65 




2 


N. 10' E. 


16. 


15.76 




2.78 




3 

4 


S. Tlf E. 


82. 




25.68 


77.88 




S. 32- W. 


33.6 




28.50 




17.81 


5 


N.67» W. 


80. 


81.26 






78.64 








54.48 


54.18 


91.31 


91.45 



112. When afield has been accurately surveyed, the sum 
of the northings will be equal to the sum of the southings, 
and the sum of the eastings to the sum of the westings. 
In practice, however, slight errors cannot be avoided, and 
it is customary to balance the survey by adding to or sub- 
tracting from the several latitudes and departures a part of 
the whole error, according to the following rule : — 

As the whole distance round the fidd 

h to the length of any line, 

So is the whole error 

To the part to he added or iuhtracted for that line.* 

Some surveyors make the corrections by adding one half 
the en'or to the less, and subtracting the other half from the 
greater sum, distributing it according to ike magnitude of the 
numbers in the columns of lat, or dep. This is more expedi- 
tious, but not BO correct as the former method. 

In practice, however, the correction should not, generaUg, be 
made by rule, but according to the judgment of the surveyor. 
It is always better to subtract from the length of any line 
than to add; as lines, especially over hills, and through 
woods and underbrush, are apt to measure more than they 
really are. If all the lines but one were on level land, clear 

* This rale for correcting errors in lat and dep. is dednced from the role 
demonstrated in No. 4 of " The Analyst," by Pr. Bowditch. 
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from obstructions, and this one on very uneven ground, or 
through the woods, or thick underbrush, the correction 
would most probably belong wholly to this one line. In 
case the error is very great, the survey should be made 
again, or at least the lines traversed until the mistake is 
discovered. 

The amount of error allowable, some say, should not ex- 
ceed one link in lat. or dep. for every chain of the perimeter ; 
others, one link for every five chains ; but, in fact, the amount 
of error which may be distributed depends upon the value 
of the land, and must be lefb to the judgment of the sur- 
veyor. 

Where the corrections are made by subtracting the entire 
amount of error from the larger sum, it should be distributed 
according to the lengths of ike lines, 

113. Making the corrections in the example according 
to the first rule, we have 224.6 : 13 : : .30 : .01?, correc- 
tion for northing of the first course. Having applied all 
the corrections found in this way, the work will appear 
as follows : — 



No. 


Courses. 


Rods. 


N. 


8. 


E. 


W. 


1 


N. 55' E. 


13. 


7.46 
7.44 




10.65 
10.66 




2 


N. 10** E. 


16. 


15.76 
15.74 




2.78 
2.79 




3 


S. 7ir E. 


82. 




25.68 
25.79 


77.88 
77.93 




4 


S. 32** W. 


33.6 




28.50 
28.54 




17.81 
17.79 


5 


N. 67» W. 


80. 


31.26 
31.15 






73.64 
73.59 








54.48 
54.33 


54.18 
54.33 


91.31 
91.38 


91.45 
91.38 



To avoid mistakes, the corrected lat. and dep. can be 
written with red ink and the rest with black, or a line 
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drawn through the lat. and dep., which have been taken 
from the Traverse Table. 



114. To find ih$ area of the field. 

Let ABODE be the plan of the field, and NS the 
meridian drawn through its most western point. (AB is 
the first course in the field-book above, B the second, 
and so on.) 

N 



H 



D 



K 



From the vertices B, G, D, and E draw perpendiculars to 
the meridian. 

Now the area of the field is equal to the area G C D E K 
— (ABP + BCGP + AEK). 

Area ABP = APX^ = 'r.44X 5.33 (i. e. northing 
X 1 easting of the line A B) = 39.6662. 
Area BC&F = FG X !l?-±-2_?. F G is the north- 
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ing of the line B C, and O C is equal to F B plus the easting 
(2.T9) of the line B C ; i. e. G = 10.66 + 2.T9 = 13.46. 

.-. Area BOGP = 16.M X ^^'^^ + ^^'^^ = 15.M 
X 12.06 = 189.66T0. 

Area AEK = AKX^ = 31.16 X 36.T9 (i. e. northing 
X i westing of the line E A) = 1146.0086. 

Area G-CDEK is equal to the area of the two trapezoids 
GODHandHDEK. 

AreaGCDH = GHx ^^ + ^^ , GH is the southing 
of the line C D = 26.79. G C (as found above) = 13.45. 
HD = GO + the easting of the line D = 13.46 + n.93 
= 91.38. 

.-. Area G C D H = 25.79 X ^^'^^ + ^^'^^ = 26.79 
X 52.41 = 1351.6539. 

AreaHDEK = HK X ?^^j::Z^. H K is the south- 
ing of the line DE = 28.64, HD (as found above) = 91.38. 
K E = HD — the westing of the line DE (= the westing 
of E A) = 91.38 — 17.79 = 73.69. 

.-. Area HDEK = 28.54 X ^^'^^ + ^^'^^ = 28.54 
X 82.48 = 2353.9792. 

.-. Area GCDEK = 1351.6639 + 2352.9792 = 3705.6331, 
and 

Area ABP + BCGP + AEK = 39.6562 + 189.6670 

+ 1146.0086 = 1376.3307. 

Area of the field = 3705.6331 — 1376.3307 = 2330.3 

= 14 acres, 2 roods, 10.3 poles. 

116. It will be seen that the several trapezoids* which 
* A triangle is a trapezoid one of whose parallel sides is sero. 
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are to be subtracted, as being wholly without the limits of 
the field, are all obtained by using a northing as one factor, 
and may, therefore, be called north areas, while all the other 
trapezoids, which include the surface within and without, are 
obtained by using a southing as one factor, and may there- 
fore be called south areas, A tabular view of the whole 
work will appear as follows: — 
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116. The column marked D. M. D. (Double Meridian 
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Distance) contains, on the line, the sum of the two parallel 
sides of each trapezoid, and is formed as follows (as will be 
seen from Art. 114) : — 

Write the first easting (F B) on the first line, add it to 
itself, and write the sum immediately beneath ; then add the 
next easting, and write the sum on the second line (this 
gives 24.11, the sum of F B and O C) ; add to this last sum 
(24.11), the same easting again, and write the result immedi- 
ately beneath ; add to this the next easting, and write the 
sum on the third line (this gives 104.83, the sum of GC and 
HD); add to this the same easting again, and write it im- 
mediately beneath ; subtract from this the first westing, and 
write the result on the fourth line (this gives 164.9*7, the 
sum of HD and K£) ; subtract from this the same westing 
again, and write it immediately beneath ; from this last sub- 
tract the next westing, and write the result on the fifth line 
(this gives T3.59 K E). Unless this last remainder equals 
the last westing, some mistake has been made in forming 
the column D. M. D. 

In the column marked M. D. (Mean Distance of the line, 
or Meridian Distance of the centre of the line to which it 
stands opposite) is half the sum of the parallel sides of the 
several trapezoids, and is obtained by dividing the numbers 
standing on the line in column D. M. D. by two. 

In the column marked N. Areas are the areas of the sev- 
eral trapezoids without the field, which areas are obtained 
by multiplying the several numbers in column M. D. by the 
northing on the same line. 

In the column marked S. Areas are the areas of the sev- 
eral trapezoids, including the surface within and without, 
which areas are obtained by multiplying the several num- 
bers in column M. D. by the southing on the same line. 

The area of the field is finally obtained by subtracting the 
sum of N. Areas from the sum of S. Areas, and will be in 
units of square measure corresponding to the linear unit in 
the column of distances. 
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When the field is very irregularly shaped, it will often 
happen that parts of the same area will be included in two 
or more products in the column of areas, but as often as 
a space is included in a north product, * so often will it be 
included in a south product, so that the difference between 
the sum of N. Areas and the sum of S. Areas will, in every 
case, give the area included by the boundary lines of the 
field. 

11*7. The following summary will serve as a rule for find- 
ing the area of any field bounded by any number of straight 
lines :. — 

RULB. 

1. Prepare a table with columns marked as in the example, 
viz.: No,, Courses, Rods {or Chains, as the case may be), N,, S., 
E., W., D. M. D., M. D., N. Areas, S. Areas. 

2. Beginning at the most westerly poirU, write the courses in the 
table. Find from the Traverse Table the northings, southings, east- 
ings, and westings of the severed sides of the field, and write them 
opposite their respective courses under their proper letters Ni, aSL, 
a,, or W. 

8. Add the numbers in the columns marked Ni, S,, E., and Wl, 
and balance the work if necessary. 

4. To form the column D. M. D^ write the first easting on the 
first line, then add it to itself, and write the sum immediately 
beneath ; add to this the next easting, — or, if a westing, subtract, 
^— and write the resuU on the second line, and so continue adding 
each easting twice, except the first, and subtracting each westing 
twice, except the last. 

5. To form the column M. D., divide by two the severed num- 
bers standing on the line in the column D. M. D. 

6. MuMply each number in the column M. D.by the northing, 
or southing, on the same line, and write the product in the column 
of N. Areas or S. Areas, according as the multiplier is in the 
column N. or S. 

4* 
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7. Subtract 1h€ sum of N. Areas from the ium of S. Areas, 
and the remainder wiU be the area of the field in units of square 
measure, corresponding to the linear unit in the column of dis- 
tances. 

118. Ex. Bequired, the area of a tract of land of which 
the following are the field notes : — 

1. N. 62^ E. 31.6 rods. 

2. S. 18^ E. 36. 

3. N. 88^ W. 8.8 " 

4. S. 46J^ W. 6.92 " 

5. N. 69J^ W. 31.12 " 

Ans. 4 acres, 3 roods, 20.9 poles. 

119. In the surveys already given, the field-book is ar- 
ranged as though the surveyor began at the most westerly 
point of the field, and went round so as to keep the field 
on his right. In calculating areas of fields, it is better 
to begin, in all cases, at the same point, i. e. at the most 
easterly or westerly point of the field. Surveyors, and those 
who have written upon this subject, all agree in beginning 
at the most westerly point, and going round so as to have 
the field on the right. 

If the surveyor traverses the lines so as to have the field 
on the left, the courses must all be reversed, otherwise the 
S. Areas will represent the part without the field, and the 
N. Areas the whole within and without. 

When there is any difficulty in deciding, by inspecting 
the field-book, which is the most westerly point, plot the 
field and the required point will become evideAt. 

TO PLOT A FIELD. 

120. This can be done with only the dividers and rule 
described in Chapter III. Place the rule anywhere on the 
paper as will be most convenient, with that side up contain- 
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mg the degrees ; once placed, the centre of that edge of the 
rule which contains the centre from which the degrees were 
marked is the place of beginning, and this edge, of the role 
is the meridian passing through the place of beginning. 
With a sharp point mark the place upon the paper required 
by the number of degrees mentioned in the first course, 
counting, if the course is north, from the top round toward 
the right, if the course is south, from the bottom toward the 
right. This is upon the supposition that the plotting begins 
At the most westerly comer of the field. With a sharp 
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point draw an indefinite line from the place of beginning 
(mentioned above) through the place just marked, and 
then, from • the scale of equal parts, lay off from the place 
of beginning, on the indefinite line, the given length. Hav- 
ing marked the termination of this line with the sharp point, 
and, to avoid any mistake, enclosed it with a small circle 
with pen or pencil, place the rule with its centre at this 
termination, and with the line itself under the same number 
upon the rule as before. This brings the rule into a position 
parallel to its first position. Then mark off the degrees 
in the second course, and proceed the same as with the first 
line, and so continue round the field. When the course 
changes to the west, place the rule parallel to its first posi- 
tion, in the same manner as before, only having the edge 
on which the degrees are marked face the other way, i. e. 
having the rule on the other side of the meridian. 

Suppose, for example, it be required to protract the field 
from the field-book in Art 118. The several positions of 
the rule are shown in the figure on page 83. 

121. When the survey is correct, and the plot carefully, 
drawn, the end of the last course will fall on the place of 
beginning. 

After the plan has been made, copies may be taken by 
placing under this plan as many sheets of paper as the num- 
ber of plans required, pressing a sharp point through the 
several corners of the field and the paper beneath, and then 
joining the points made on each sheet in the same manner 
as they are in the first plan. Upon the plan should be writ- 
ten the owner and the area ; the courses, each written in 
the direction specified by the course, upon their respective 
sides ; the names of persons owning around the field, in 
their proper places ; the town, and part of the town, in 
which the field is ; the name of the surveyor, and the date 
of the survey ; on the side of the paper which is the north, 
the letter "N'' ; and any other data which may be useful to 
the owner or future surveyor. 
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122. The following surveys are inserted as examples for 
practice, both in plotting and in calculating the area. 





No. I. 










Chains. 








12. N. 62° 


E. 


2.5 




H<>Uii,H.H. 


Bods. 


13. N. 


81° 


E. 


1.6 


1. N. 64" 


E. 


28. 


14. N. 


86° 


E. 


2. 


2. S. 12° 


30' E. 


85. 


15. N. 


73° 


£. 


2. 


3. S. 80° 


30' W. 


27.25 


16. N. 


88° 


E. 


1. 


4. N. 12° 


30' W. 


77. 


17. S. 


64° 


E. 


1.875 


The area can be found by Role II., 
An. 106. 


18. S. 


66° 


30' E. 


5.625 








19. S. 


47° 


W. 


26.25 




No. 11. 




20. N. 


63° 


W. 


10.1 






21. N. 64° 


W. 


4 




Nashua, N. H. 


Chalot. 










1. N. 81° 


30' E. 


8. 






No. IV. 




2. N. 60° 


E. 


8.33 






(HOfotd, N.H. 
BnmUioe, •• 




3. N. 21° 


E. 


3.46 






Chains. 


4. S. 49° 


E. 


10.9 


l.N. 


78° 


E. 


19.92 


5. S. 22° 


80' W. 


22.82 


2.S. 


10° 


£. 


.87 


6. S. 69° 


W. 


2. 


3.N. 


81° 


K 


18.76 


1. N. 36° 


30' W. 


16.36 


4.S. 


11° 


E. 


12.5 


Ana. 29 A., 2 R., 


81. P. 


6. N. 72° 


30' E. 


20.25 








6. S. 


12° 


E. 


45. 




No. III. 




7.S. 


77° 


W. 


85. 


rBn>okUDe,N.H. 
iHoUto, 




8.N. 


14° 


45' W. 


14.24 


Chains. 


9.S. 


74° 


45' W. 


20.75 


1. N. 67' 


E. 


2.5 


10. N, 


14° 


30' W. 


46.68 


2. N. 16' 


30' B. 


1.26 


Make the comctioiu wholly by sob- 


3. N. 78' 


E. 


1.25 


tractioi 


. 






4. N. 61' 


E. 


1.6 


Ads. 273 A., 2 R., 


26 P. 


5. N. 25' 


E. 


2. 










6. N. 30° 


E. 


2. 






No.V. 




7..N. 89° 


E. 


1.5 




PeppereU, Mass. 


ClulllM* 


8. N. 46° 


E. 


2. 


I.N.: 


20° 


K 


8.96 


9. N. 88° 


E. 


2. 


2. N. 45° 30' W. 


2.66 


10. N. 67° 


E. 


2. 


3.N. 


12° 40' E. 


11.93 


11. N. 71° 


E. 


1.5 


4. S. ' 


1:6° 30* E. 


15.4 
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GhftiBf. 


No. VIII. 




5. S. 66'' W. 




9.66 






6. S. 20** W. 




7.37 


nilU.,N.H. 


Bods.Uiiks. 


1. N. T2'' W. 




6.4 


1. N. 88° 30' B. 


20 


8. S. 23^ W. 




1.75 


2. East 


52 


9. N. er 30' w. 




2.53 


3. S. 81° 30' E. 
4 S. 2° 15' B. 


39 
14 


No. VI. 






5. South 


100 


WeBtmtoster, Maas. 




6. S. lO'SO'W. 


21 


1. N. 60^ 40' B. 


1. 


1. S. 11' W. 


28 23 


2.N. 8^ E. 


13.8 


8. N. 86' 30' W. 


100 15 


3. N. 71^ W. 




9.88 


9.N. 4» E. 


38 12 


4. N. 68^ 30' W. 


31. 


10. N. 73" W. 


26 


5. S. 23** 20' W. 


28. 


11. N. 10° 30' E. 


37 10 


6. S. 66** 40' E. 


40.24 


12. N. 23° 30' E. 


64 


1. N. 31^ E. 




4.8 


13. N. 16° W. 


27 


Make the corrections 


wholly by 


Ans. 116 A., IE 


., 20 P. 


subtraction. 










Ans. 6A., 2R. 


,20 P. 


No. IX. 




No. VII. 






P^pperell, Mast. 


Sodi. 


CPeppereU,Maas. 
\ HoUis, N. U. 






1. 8. 71° 40' E. 


62 


Bods. Links. 


2. S. 3°30'E. 


65J 


1. S. 88** E. 


45 


5 


3. S. 11° 30' W. 


16 


2.S. 3^ E.' 


13 


18 


4. S. 18° 20' W. 


34 


3. South 


62 





5. S. 8° 30' E. 


26 


4. S. 88^ W. 


29 


20 


6. S. 12° 30' W. 


10 


5. s. 8r w. 


12 


8 


7. S. 25° W. 


14 


6. S. 39** W. 


22 


1 


8. S. 42° 20' W. 


13 


1. N. 62^ 30' W. 


23 


8 


9. N. 60° W. 


. 80 


8. N. 84** 46' W. 


8 


16 


10. N. 5° E. 


52 


9. S. 47^ 30' W. 


24 


1 


11. N. 21° E. 


54 


10. N. W W. 


23 


12 


12. N. 61° W. 


44i 


11. N. 24° 30' W. 


39 


16 


13. N. 22° 20' E. 


20 


12. N. 20** 30' W. 


25 





14. N. 15° E. 


■ 14 


13. N. 24** 30' W. 


25 


6 


15. N. 30° E. 


7 


14. N. 84** 20' E. 


15 


14 


16. N. 36° 15' E. 


24 


15. S. 83° 30' E. 


46 





17. S. 72° 30' B. 


31i 


16. S. 89° 30' E. 


37 


1 


18. S. 16° 30' W. 


32 
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CHAPTER XI, 



SURVEYING BY OFFSETS. — HORIZONTAL AREAS. 

123. If one side of a field is' irregular, e. g. bounded by^^ 
a brook or river, it is best to run one straight line from 
comer to comer and get the area included by this line 
and the irregular side of the field by means of offsets, and 
add it to, or subtract it from, the whole area as found with 
this straight line as one side, according as it is within or 
without the tme limits of the field. 

Suppose two of the 
boundary lines of the 
field ABODE to be 
the irregular lines from 
A to B and from D to 
E ; then the area in- 
cluded by the straight 
lines is first found, and 
the sum of the areas 
of all the trapezoids 
above the line A B 
must be added to, 
and the sum of the 
areas of all the trape- 
zoids above DE must be subtracted from, the area as first 
found. The lengths of the offsets a, b, c, d, &c., which are 
all at right angles to A B or D E, and their distances apart, 
are measured when the field is surveyed, and the areas of 
the several trapezoids can be found by Rule I. Art. 106. 

124. If A and B are at the corners of the field, and the 
distances of the offsets from each other are equal, the sum 
of the areas of the trapezoids above the line A B is best 
found by multiplying the sum of all the offsets by the 
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length of one of the equal divisions of the line A B. For, 
letting X be the length of one of these equal divisions, we 
shall have 

Area = -^x+ --^- x+ -^- x+ --^-x+ -J^ x + 

e+f I f-\- g 15^ + ^ i* + * I* 

^ ^2a + 2Mi2l+il±&2:) a; = (« + 6 + c + d + Ac.) a; 

If A and B are not at the corners, e ^ p 

then add to the sum of the other f ^"T ^* 1 

offsets one half the mm of the two ^ ' ' ^ 

offsets at the corners, and multiply 

this by the length of one of the equal divisions. 

For the area A B C D is equal to 

Unless the lines DE, EF, and FC are straight lines, we 
only approximate to the area ; but if the divisions of A B 
are shorter, according as D C is more irregular, the result is 
sufficiently accurate for practical purposes. 

HORIZONTAL AREAS. 

125. The boundaries of a field are not lines, but vertical 
planes, and the corners are not points, but vertical lines 
made by the intersection of the vertical bounding planes. 
These vertical lines are all parallel to each other, at least 
practically, though, if produced, they would meet at the 
cenjre of the earth, and the distance from comer to corner 
is the distance between the parallel lines. It is always 
understood that the distance between two lines means the 
shortest distance from one to the other. 

The distance from corner to comer of a field is therefore 
the horizontal distance. If it were allowed to measure the 
distance on the surface of the ground, however uneven, the 
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distance might vary indefinitely from this minimom dis- 
tance. 

Again, as the height, or length, of these bounding planes 
is in all cases the same, the planes have the same ratio to 
each other as lines drawn at any given angle to the vertical 
parallel lines have to each other. The horizonUd lines, as 
the most natural, and the only ones easily and accurately 
measured in all cases, are the ones agreed upon. These 
horizontal distances are the ratios of the boundaries of 
fields to each other, and hence we speak of the boundaries 
as lines. 

If measurements were made upon the surface of the 
ground, no field, except where the grade was the same 
throughout, could be plotted, and, in calculating the area 
by the rectangular method, no survey would balance. 

126. In the transfer of land it is not mere surface that 
is bought and sold, but a solid included by the vertical 
bounding planes. Since in all fields these solids have the 
same height, or length, they are to each other as the areas 
of transverse sections cutting the bounding planes at any 
given angle. It has been agreed to take the horizontal 
transverse sections. Fields vary as the areas of these sec- 
tions, and hence we speak of a field as a surfiice. This 
area can be found only by finding the horizanial distance 
between the comers. 

If it were allowed to measure any surface, however un- 
even, the area of fields would vary indefinitely from this 
minimum area. Furthermore, it would be impossible to get 
the surface area without finding separately the area of each 
portion varying in grade from any other portion, and finding 
the sum of these pihs. If a person should level any un- 
even surface, he would lessen the area of the field. That the 
liorizontal area should be the standard, is farther justified 
by the fact that no more houses can be built on a hill than 
upon the horizontal base upon which the hill rests, and 
that no more trees or other plants which shoot up vertically 
can grow upon it. 

5 
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CHAPTER XIL 

DECLINATION OP THE MAGNETIC NEEDLE. - BUNNING 
LINES. — LOCAL ATTRACTION. 

f 

127. The needle points due north only upon an irregular 
line, called the Une of no declination^ or the line of no variation. 

This line, at the present time, runs through the western 
part of Pennsylvania, a little west of Washington, D. C, 
and passes out of the States near Newbem, N. C. The 
north pole of the needle varies from north toward this line ; 
i. e. in all places east of this line, the needle points west of 
north, and in all places west of it, east of north. 

The declination for several places is as follows : — 

Boston, Mass., in 1840, 9'' 12' W. 

Cambridge, Mass., in 1788, e** 38' W. ; 1810, 7^ 30' W. ; 
1836, 8^ 51' W. ; 1856, 10^ 54' W. 

New Haven, Conn., in 1840, 6^ 13' W. ; 1856, C'' 88' W. 

Washington, D. C, in 1840, 2** 0' W. ; 1866, 5** 44' W. 

Charlottesville, Va., in 1835, 0"* 0' E. or W. 

Newbem, N. C, in 1806, 2"" 0' E. 

Charleston, S. C, in 1840, 2* 44' E. 

St. Louis, Mo., in 1819, 10^ 47' E. ; 1840, S'' 37' E. 

128. From this table, it will be seen that the declination 
for any place is constantly changing, or, in other words, 
that the line of no declination is not stationary, but seems to 
be moving westward. The annual i^ of the variation 
since 1840, for the Eastern States, has been five or six 
minutes ; for the Middle States, three or four minutes ; and. 
for the Southern States, two minutes. In London, how- 
ever, according to Harris, the maximum westward declina- 
tion (24** 41') was in 1818, ^fnce which time the declination 
has decreased more than two degrees. 
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Beside this secular yariation, the needle has a diurnal 
variation. In the Northern Hemisphere, the north end of 
the needle moves westward from about 8 A. M. till about 
2 P. M., from 10' to 15', and then slowly returns to its 
former position. In the Southern Hemisphere, the direc- 
tion of the motion is reversed. This variation is at least 
twice as great in summer as in winter. The bearing of a 
line taken at different hours of the day might, therefore, 
vary a quarter of a degree, which would cause a deviation 
in the line of nearly half a link to a chain, and thirty-five 
links to a mile. 

129. So far as practical surveying is concerned, it would 
make no difference in what direction the needle pointed, 
provided it always pointed in the same direction ; but, on 
account of the constant change in the declination, the bear- 
ing of all lines is constantly changing. In running lines 
from end surveys, therefore, the bearings must be changed 
to correspond to the change in the declination of the needle 
since the date of the old survey. If there is a view from 
any corner of the field to the next, the present bearing of 
this line can be taken, and the difference between this and 
the old bearing noted, and a corresponding change made in 
the bearing of all the lines. 

If there is no line which has an unobstructed view from 
corner to corner, then run by the old bearing, — or the old 
bearing corrected as nearly as possible, — and if the line 
does not come out at the comer, measure from the comer 
the perpendicular distance to it, and the correction to be 
made can then be found by the following 

I Rule. As the length of the line %$ to the deviationy or dii" 
tance from the comer, so is 57.3 degrees to the correction re- 
quired, 

5t.3 is the length (nearly) of the radius of a circle in 
such parts that the circumference will contain 360, and it is 
assumed that the arc which is subtended by the deviation, 
and its chord, i. e. the deviation itself, are equal. 
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That is, the chord B C is the same 
part of the radius A B or A as the 
arc B C is of the arc D 0, D C being 
an arc of 57.3 degrees. 

This rule is the more accurate, thes 
shorter BO is in comparison with 
AB. The angles ABO and ACB ^. 
should be equtd ; but when the angle 
at A is small, it will be sufficiently accurate to make either 
of them a right angle. 

Ex. 1. In running a line N. 74** W. 114 rods, I came 
out two rods north of tiie comer ; what is the true bearing ? 

114 : 2 : : 67.3^ : V 

Ans. N. 76^W. 
If I had come out two rods south of the corner, the true 
bearing would have been N. 73** W. • 

Ex. 2. In running a line N. 2* W. 300 rods, I came out 
two rods and fifteen links east of the comer ; what is the 
true bearing f 

If the deviation is very great, the angle BAG should be 
found by Theorem III. 

Ex. 3. Having run a line at random N. 46*" 30' W. thirty- 
chains, I found that the comer sought wa& five chains and 
three links distant in a direction S. GO"* £. ; what is the 
tme bearing? 

130. When a random line, as it is called, has been run, 
if marks have been left at the several stations, and their 
respective distances from the first station noted, the cor- 
responding points of the boundary line can be determined, 
without traversing the line again with the compass, by the 
following 

Rule. As the whole length of the line is to its deviation, so 
is the distance of any station from ^ first station to its de- 
viation » 
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£. g. Suppose a nuidom line, A 0, has been ran 
a distance of 75 chains, with a deviation, B 0, of 
45 links; if the distance AD is 15 chains, A£ 
25, A F 50, and A G 60, the stake at D must be HE 
moved to the westward 9 links, at £ 15, at F 30, 
and at G B6. 

(If the bearing of a line ia not known, or the 
given bearing takes ns quite away from the true 
course, we can run a traverse till we come to the 
comer, and find the tme course by Article 162.) 

131. When the face of the compass is brought into a 
horizontal plane, if the compass is in order, the needle will 
vibrate for a considerable time, and gradually settle in the 
magnetic meridian. If the needle settles very quickly, it 
is good evidence that it is not well magnetized, or the in- 
^de of the eap is rough, or the centre-pin blunt, or there is 
some strong local attraction. 

To preserve ihe centre-pin from unnecessary wear, a goo4 
compass has a screw so connected that by means of it the 
needle can be raised fri:)m the centre-pin. This should 
always be <^ne when the compass is to be carried very 
far ; but the needle must be allowed to rest upon the centre- 
pin, when ^e compass is not in use, otherwise, if the north 
^e of ^e needle should be turned southward, the tendency 
would be to reverse the poles of the needle. 

In running lines, it is best to keep the same sight-vane 
forward, and always to read the degrees from the same 
end of the needle. The chain, and all iron substances, 
must be kept at a distance from the needle when a bear- 
ing is taken. 

Care must be taken that the centre of the compass is 
exactly over the station, that the face of the compass is 
level, and that the staves at the next and the back station 
are kept perpendicular. The best staff is a straight pole, 
seven or eight feet long, and an inch and a half or two 
. inches in diameter, with alternate, stripes of red and white 
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painted round it, or with a bright red flag or piece of cloth 
wound round the top. As long sights as possible should 
be taken. Sometimes, when the staff placed at one comer, 
cannot be seen from the other comer, there is some inter- 
mediate station where, if a staff be set at each comer, both 
can be seen. If so, the bearing of the line can be taken by 
setting the compass on the line at this intermediate point 

Sometimes the compass cannot be set exactly over a 
comer, or if it can be, it may be necessary or desirable, 
in order to obtain an unobstructed view, to set it at some 
other point. In such cases, the compass may be set a few 
links from the station, and in order to get the bearing of 
the line, the staff must be the same distance in the same 
direction from the other end of the line. On this parallel 
line the distance also may be measured. 

132. One of the most perplexing questions to the sur? 
veyor occurs when he is called to survey a lot where one 
or more of the comers are unknown. If a fence or line 
exists which has been the undisputed boundary for a long 
time, this line cannot be changed,' except by the agreement 
of all parties concemed, but a corner must %e established 
by ranging some other line to meet this. If one comer is 
unknown, and there are no landmarks to determine the 
location of the lines which intersect at the unknown comer, 
from the adjacent corners lines may be run, with the bear- 
ings as given in an old deed or plan, correct^ for the change 
m the decUncUton of the needle since the former survey, and a 
comer established at their intersection. If the length of 
these lines corresponds to the given length, it is additional 
proof that the comer is correctly established. Several suc- 
cessive unknown corners may be {approximately determined 
by starting from some known comer and running the lines 
with the bearing corrected, which are given in an old deed 
or plan. 

If all the comers are unknown, some or all of them may 
be determined by running the lines of adjoining lots. In 
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all cases unknown corners should be established in the 
presence and with the consent of all concerned, and when 
once established, should be so marked as to preclude all 
trouble in the future. 

133. A great deal of trouble would be sayed, if meridians 
should be established at convenient distancef^ from each 
other, and every surveyor be obliged by law to test his 
compass by one of these lines, at least once a year. The 
declination thus ascertained, and the meridian from which 
it was ascertained, should be inserted in the records of all 
surveys. This would assist a surveyor, at any future period, 
in retracing these lines, by setting his compass on the same 
meridian, and thus finding the proper allowance to be made 
for the difference in declination. If the bearings of all sur- 
veys were reduced by means of these established meridians 
to the true bearings, an^ thus recorded, it would answer the 
same purpose. 

1«^. Back sights should be taken at every station ; and 
if the needle, when the compass has been carefully directed 
to the last station, does not settle at the same point, the 
compass should be carried back to the last station, and the 
forward sight taken again. If no mistake in the observation 
can be discovered at either station, it is safe to conclude 
that there is some local attraction. 

If this disagreement occurs after several lines, or parts 
of one straight line, have been traversed, where the back 
and forward sights agreed, the attraction is at the hut sta- 
tion. If the disagreement is upon the fint line or part of 
a line traversed, the surveyor should begin at some other 
comer of the field, and traverse the other lines of the field 
round to this line ; in this way, Hie station where the at- 
traction exists will become manifest. If, for any reason, it 
should be necessary to decide, without running the other 
lines of the field, at which of the two stations the attraction 
exists, from either station the surveyor may take the bear- 
ing of some object (the more distant the better), and then, 
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going to this object, take the reverse bearing ; if both bear- 
ings agree, the attraction is probably at the other station. 
If the bearing of several objects in different directions is 
taken, and the reverse bearing from all shows no discrep- 
ancy, the attraction is undotMedly at the other station. 

Or from both stations, take the bearing of some object as 
distant as possible, and from this object the reverse bearing 
to both stations; the attraction will be at the station to 
which the compass does not reverse truly. 

135. Having decided where and what the amount of the 
attraction is, i. e. what Ifte bearing of the line, as referred 
to the magnetic meridian, is, if the line is a portion of a 
straight line, it can be run to its termination, by first 
directing the compass accurately to the last station, and 
then, paying no attention to the needle, sighting forward to 
a third station, at the third station directing the compass 
to the second, and then forward to a fourth, and so on. 
(See also Article 140.) If at the termination of the line the 
needle does not settle in the magnetic meridian, the proper 
allowance must be made in running the next line ; e. g. if 
the true bearing of the line has been decided to be N. 31* 
E., and at the termination the reverse bearing to the last 
station is S. 2V W., there is at this point an attraction 
which draws the north end of the needle 4° to the east of 
the magnetic meridian; if, now, upon directing the com- 
pass along the next line, the needle makes the bearing N. 
85° W., the correct bearing (referred to the magnetic me- 
ridian) is N. 81° W. If the reverse bearing had been S. 32° 
W., the north end of the needle would have been attracted 
1° to the west of the magnetic meridian, and the bearing of 
the next line, as shown by the needle^ would be N. 80° W., 
when the correct bearing is N. 81° W. In the former case, 
for all lines from this point running east of north, the number 
of degrees read from the compass would be too small ; for 
all lines running west of north, too large ; while in the latter 
case the statement is the reverse. In general, if the reading 
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from ike compass is less for any Una than ii should hsj «f 
tPtU be too SMALL for all linm from that pointy »n the same or 
the vertical quadrant, too large for aU lines in the other tUH> 
quadrants, and vice versa. 

It should be observed tb^t^ for measuring the angle 
which one line makes with another, local attraction causes 
no error, and the variation, secular or diurnal, no appre- 
ciable error. Since to measure an angle with the com* 
pass, it is necessary that the needle should point in a 
fixed direction during the time of taking the angle, with* 
out regard to what that direction may be. 



6* 
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CHAPTER XIII. 

SURVEYING WITHOUT A COMPASS. 

136. An accurate survey of antf Bnrface can be made 
withovi a compass. 

As slight errors can hardly be avoided in using a mag- 
netic needle in surveying, it is not generally used where 
land is very valuable, but the methods to be explained in 
this chapter are adopted. In regions impregnated with 
iron, it may also be necessary to dispense entirely with 
the compass, or at least to use it only to measure the 
angle which two adjacent sides of a field make with each 
other, without any reference to the magnetic meridian. 

13T. Two methods will be explained : — 
I. Surveying with the Chain only, 
II. Surveying with the Chain and Chniometer. 

L With ike Chain only. 

138. When the field is triangular. Measure the three sides, 
and then the area can be calculated by Rule III., Article 
105, and the plot made according to Article 20. 

As a test of the accuracy of 
the measurements, a line from 
one of the comers. A, to a point, 
D, in the opposite side, whose 
distance from B or C is known, 
may be measured. If the length 
of A D, as measured in the field, 
is the same as when calculated 
by the rules of Trigonometry, or 
if the sum of the areas of AB D and A C D is equal to the 
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area of A B C, as previotisly found, the work may be as- 
Bumed to be correct. 

139. WhmihefMiiapoiygmofmoreihaiiihreetid^ 

Measure all 
the sides, and 
enough diago- 
nals to divide 
the field into 
^ triangles. The 
area will be 
the sum of the 
areas of all the 
triangles. The 
plan can be 

made by first plotting the triangle A E F, then with A E as 
one side, the triangle ABE, and so on. 

To test the measurements, any other diagfonal, -^ as from 
C to F, — may be measured, and if the angle CEF in the 
triangle F E, when calculated, is found to be equal to the 
sum of the angles AEF, AEB, and BEG, the work is 
probably correct. 

The field should be divided by the diagonals into triangles 
as nearly equilateral as possible. 

140. In measuring the sides of a field, in all cases, but es- 
pecially in Chain Surveying, there should be great care that 
the chain-men keep on the line. If, for any reason, the ter- 
mination of any line cannot be seen throughout its whole 
extent, the line should first be "ranged." This can be 
done by placing a straight stick, or rod, at the first point 
and a second on the line, or as near it as possible, at a con- 
venient distance from the first ; then a third must be placed 
in range with the first two ; then the first must be canried 
forward beyond the second and third, and placed in range 
with them, and so on to the end of the line. These rods 
ehoula be held or set exactly perpendicular. The man who 
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goes forward can put himself in range most accurately with 
a plumb-line. Stakes should be driven at all these points. 
If the line as ranged does not come out at the desired point, 
the distance which the stakes must be moved can be found 
by Art. 130. 

This process of ranging a line can be adopted to good 
advantage in cases of local attraction. 



* 141. If for any reason one 
side of a triangular field is im- 
passable, the field can, never- 
theless, be surveyed by this 
method. E. g. If the side 
B C, of the triangular field 
ABO, is impassable, measure 
A B and A 0, take two points 
D and E in the lines A B and 
A C, or in them produced, and 
measure A D, A E, and D E. 




To get the area of the field. 
According to Rule II. Article 104, 

AreaADE = 



and Area ABC 

AD X AE X sin. A AB X AC X sin. A 





AD X AE X sin 


A 




2 
_ AB X AC X sin. 


1 
A 




2 





: Area A D E : Area ABC, 



2 2 

AD X AE : AB X AC :: Area ADE : Area ABC, 

AB X AC 



.\ Area AB C = Area A D E X 



ADX AE' 



If the length of the side B C is required, it can be found 
by first finding the angle A of the triangle ADE, then in 
the triangle ABC we have two sides and the included 
angle given to find the third side BC. ^ 
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If D and E are so taken that AD : AE : : A B : AG, ihp 
two triangles A D E and ABC will be similar, and B can 
be found without finding the angle A. 

142. If two sides A B and B C are impassable, but B is 
ible from both A and 
0, so that thb lines 
enclosing the field 
can be produced and 
the triangles C G F 
and A D E formed, 
then, measuring the 
sides of these two 
triangles, we .can calculate the angles DAE = BACor 
its supplement, and QGF = A OB, and in the triangle 
ABC, having measured A C, we shall have the angles and 
one side A 0, to find the other dimensions: 

143. When B is not visible from both A and 0, or when 
€iU the sides are impassable, the length of the sides can be 
found by constructing triangles on the three sides, respec- 
tively, as base lines, and finding each side in the same way 
as B was found in Art 141. 

144. When the field is a polygon of more than three 
sides, if any or all of the sides or diagonals are impassable, 
their length can be found by some of the methods men- 
tioned in Art. 141, 142, and 143. 

It should be noticed that any error in the meamred tri- 
angles, when these are smaUer than the required, is multiplied 
at every step of the calculation. 

II. With the Chain and Goniometer, 

145. Measure the sides and angles, and the area can be 
calculated and the field plotted by principles already given. 

The area of the triangle can be found by any one of the 
rules in Art. 104, 105 ; the area of the quadrilateral by 
Rule II. Art. 106, and the area of any other polygon by first 
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calculating the diagonals, and then proceeding as directed 
in Art. 107. 

When the view from one comer of a field to the adjacent 
corner is obstructed, the line must first be ranged as shown 
in Art. 140. 

146. In surveying with the Goniometer, the area can be 
found by the Rectangular Method, by assuming any one of 
the sides as a meridian, and finding the bearing of the sev- 
eral sides referred to this meridian. 



E.g. In the field AB< 


3DE.the 


sides and angle 


follows : — 






Ohaliii. Unki. 






AB 39 50 


Angle 


at A 99* 


BC 38 


tt 


" B 83** 


CD 14 65 


tt 


" C 64* 20* 


DE 28 60 


tl 


" D 222* 40^ 


EA 28 20 


it 


" E 81* 



If we consider A E as the meridian, and imagine a me- 
ridian parallel to this to pass 
through the several corners B, 0, 
and P, we shall find the follow- 
ing to be the field book : — 

.GhftiD8. Links. 



AB 


N. 81' E. 39 


50 


BC 


S. 2° E. 38 




CD 


N. 56''20' W. 14 


55 


DE 


S. 81" W.28 


60 


EA 


North 28 


20 




Applying the Rectangular Method, we shall find the area 
to be 117 acres, 1 rood, 4 rods. 

Ex. 2. The several sides of a field, in their order, are 90, 
95, 45, 40, 42, and 48.48 rods ; the angles, in their order, 
beginning with the angle made by the first with the second 
side, are 95*, 80*, 95*, 265*, 108* 51', and 76* 9'. Required, 
the area and the plan of the field. (In traversing the lines 
the field was kept on the right.) 
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CHAPTER XIV. 



DIVISION OF LANDS. 



Pboblbx I. 
147. To divide a triangular fidd into two parti having to 
each other a ratio =1 m i n, 

Cabi I. 

By a line from the vertex of an 
angle. 

Let A B C be the field, find A the 
vertex from which the dividing line 
is to be drawn. Gat off B D eqnal to 

BC X -^, and join AD; AD 

will divide the field as required.. 

For, if BD = BC X 

BD : BC 
By division BD 




m : m -|- n. 
BC — BD-= DC : : m : n. 

And since triangles of the same altitude are as their 
bases, ABD : ADC : : m : n, as required. 

By the same principle the field can be divided into any 
number of parts in a given ratio to each other, or to the 
whole field by lines from A to BC. 

Case II. 
By a line parallel to one of the sides. 

Let BC be the side to which the 
dividing line must be parallel. 

Cut off A D equal to A B i/,^-x-^» 

and from D draw D E parallel to B C ; 
D E will divide the field as required. 
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Fof,ifAD = AB4/-^, 




A D : A B : : K^m : \/m + »# 
and A D* : A B* : : i» : m + »- 

But similar surfaces are to each 
other as the squares of their homolo- 
gous lines: hence, B' ^. 

ADE:ABC::AD«:AB«::m:m + «. 

By division ADE : ABC — ADE = BOED \\m\n, 
as required^ 

By applying the same principle, the field can be divided 
into any number of parts in a given ratio to each other, or 
to the whole field, by lines parallel to B C. 
Case III. 

By a line from a given point in one side. In the last 
figure, let D be the given point. Suppose D E to be the 
dividing line required. 

By the conditions of the problem 

ADE:BCED::m:n, 
and by composition ADE:ABC::m:m-|-n. 

But AD E = J (AD X AB X Bin. A), 
and ABC = i(AB X AC X sin. A). 

AD X AE X sin. A A6 X AC X sin. A , 

.*. — 2 • — 2 wmim'^n'ii 

orADxAE:ABxAC::m:m-fn; 
ABXAC m_ 

AD ^ w-}- ft 

Therefore if A E is cut off equal to ^^^-5^— X -A— , 

^ AD m-|-n' 

and D E drawn, D E will divide the triangle, as required. 

If AE should prove to be longer than AC, it would 

show that the point E was in the side B C, and its distance 

firom B could be found by considering B as the vertex. The 

triangle B D E', however, must be represented by n, and the 

quadrilateral by m. Or, if it is desired to have E in the 

side A C, invert the ratio m : n, and proceed as before, and 

D E may meet the side A C. 
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Pbobleh II. 

148. To divide a quadrangtdar field into two parts having to 
each other a ratio = m : n. 

Case I. 

By a line from the vertex of an angle. 

Let A B C D be the field^ and A 
the vertex from which the dividing ^ 
line is to be drawn. The portion 

to be cut oflf will be the — Tr" P*rt 

of the whole area which we will 
represent by a. 

a = i(ABxBEX sin. B), 

. TIR — ^<» 

A B X sui* B 

When B is a right angle the expression becomes 

2a 




BE = 



AB' 



By the same principle we can cut off a portion from any 
field when the part cut off or the part left i0 a triangle. 

Cabb II. 

By a line parallel to one of the sides. 

When the field is a parallelogram, the solution is obvious ; 
so also when it is a trapezoid and the dividing line is not 
parallel to the parallel sides. The following method applies 
to all other quadrilaterals. 

Let ABCD be the 
field and C D or A B 
be the side to which 
the dividing line must 
be parallel. Produce E 
AD and BC, till they 
meet and form the triangle ABE. 

Since A B and the angles at A and B are known, the area 

of A B £ is known, which we ^ill call p. 
6* 
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If the dividing line is to be parallel to CD, cut off 

EG=ECi/ '?"'"^ /and draw GP paraUel to CD; 
\m+n+p 

if the dividing line is to be parallel to AB, make 
EG = EB i/^-ii', and draw GF' paraUel to AB. The 
demonstration is the same in principle as in Case II. Art. 147. 

Case III. 

By a line from a given point in one side. 

When the field is a parallelogram, the solution is obvious ; 
so also when it is a trapezoid and the given point is in one 
of the parallel sides. The following method applies to all 
other quadrilaterals. 

Using the same construction as in Case II., and letting 

F be the given point, make EG = ^%^^^ X "^^-^^ 

The demonstration is the same in principle as in Case III. 
Art 147. 

The principle in the remark appended to Case III. Prob- 
lem 1, is applicable to the first and third cases in this 
Problem. 

Problem III. 

149. To divide any mvUangular field into two parts hy a line 
from a given point in the perimeter in a ratio = m : n. 

Let A BCD, &c. be the field, ^ 

and A the given point from which 
the dividing line is to be drawn. 
The part to be cut off will be the 

— i — part of the whole area. 

From A draw a line to D, one of 
the angles adjacent to the side 
D E, in which it is supposed the 
dividing line will terminate. Find 
the length and bearing of A D and 
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the area of A B CD. The length and bearing of A D may 
be taken in the field or calculated by Art 152. If this area 
is greater or less than the required part, the triangle to be 
subtracted or added can be found as follows : — 

Let A D K be the triangle to be added ; 

ADK = AD X DK X 52iAM; 

••^^ — AD X Bin-ADK- 
Then the length and bearing of AK can be found. 

Examples. 

150. 1. A triangular field whose sides are 18, 13, and 10 
chains in length, is to be divided by a line from the vertex 
of the obtuse angle so as to cut o£f three and a half acres 
next to the shortest side. Required, the length of the divid- 
ing line, and the point where it meets the opposite side. 

2. Bequired, in the same field, the position of a line 
drawn parallel to the shortest side to cut o£f a triangle 
containing the same amount. 

3. Required, in the same field, the point where a line, 
drawn from a point in the shortest side four chains from 
the angle made by this and the longest side, and cutting 
o£f one acre, will meet the longest side. 

4. The field-notes of a piece of land are as follows : — 

1. N. 2^ E. 35. 8 chains 

2. N. 88^ 45' E. 13.32 " 

3. S. 5^ E. 36.21 " 

4. West 1?.?3 " 

It is required to cut off one third of it from the north end 
by a line parallel to the south side. 

5. In the same field required, the position of the boun- 
dary line parallel to the north side which would divide the 
field into two equivalent parts. 
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CHAPTER XV. 

SUPPLYING OMISSIONS IN COMPASS SURVEYING. 

161. Any two parts omitted in Burveying with a compass 
can be found by calculation. 

The parts omitted may be 

I^ The length and hearing of one tide. 
II. Hie length of one side and hearing of another, 

III. ITie length of two sides. 

IV. The hearing of two sides. 

It may sometimes be necessary to determine these parts 
by calculation when there are obstacles to prevent their 
determination in the field, or when the field-notes of one or 
two lines have become obliterated. ^ No omission should be 
made in a survey when it can be avoided, as the parts 
which can be omitted, serve when measured, as a test of 
the accuracy of the survey. 

I. When the length and hearing of one side is unknown, 

152. Find the diflFerences of latitude and the departures 
of the known sides ; the difference of the sum of the north- 
ings and the sum of the southings is the northing or south- 
ing of the unknown side, and the difference of the sum of 
the eastings and the sum of the westings will be the easting 
or westing of the unknown side. Place these differences, 
which are the Lat. and Dep. of the unknown side, in their 
proper columns, and the survey will balaoce, and the area 
can be found the same as in Chap. A. 

With this Lat. and Dep. liie length and bearing of the 
unknown side can be foun4. 
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lod 



E.g. 



No. 


Courses. 


Rods. 


N. 


S. 


K 


W. 


1 


N. 87' 30' B. 


41.44 


1.79 




41.40 




8 


8. 3- W. 


5.8 




5.79 




30 


3 


S. 57** W. 


11.68 




6.36 




9.80 


4 


Unknown. 


Unksovrn. 










5 


N.8r30' W. 


10.39 


.53 






90.31 


6 


N. 3- W. 


11 


10.98 






.58 
"80.99 








13.30 
1S.15 


12.15 


41.40 
30.99 




1.15 


10.41 





In this example 1.15 is the southiDg, aad 10.41 the west- 
ing of the fourth coarse, and if 1.15 is placed in the col- 
umn marked S., and 10.41 in the column marked W., as the 
southing and westing respectively of the fourth course, 
the survey will balance and the area can then be found. 

To find the length and bearing of ^ 

the unknown side, let A C be the line, 
and N S the meridian ; then A B, the 
southing, is 1.16 rods, and BC, the 
westing of A C is 10.41 rods, and we 
have the legs of the right-angled tri- 
angle A B C, to find the hypothenuse 
and the angle BAG. 

By Theorem I. A C will be found to 
be 10.41 rods in length, and the angle 
BAG SS"" 41' 46". Therefore the field-note for the fourth 
side is (nearly) S. 83§^ W. 10.47 Rods. 

II. JFhen the length of one side and the hearing of another 
are unknown, 

153. Imagine the field to turn until the side whose length 
is unknown becomes a meridian ; then change the given bear- 
mgs to correspond to this meridian. Find the differences 
of latitude and the departures of the known sides with the 



S 
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changed bearings. As the side made the meridian has no 
departure, the difference of the sum of the eastings and the 
Buin of the westings will be the departure of the side whose 
bearing is unknown. This side is the hypothenuse, and its 
departure one side of a right-angled triangle ; therefore, its 
difference of latitude and its changed bearing, and from this 
its true bearing can be found. Having put this difference 
of latitude in its proper place, the difference of the sum of 
the northings and the sum of the southings will be the 
length of the side which has been made a meridian. 

154. The changed bearings are found by subtracting from 
all the bearings that have loth letters the same as the side 
made a meridian, or both different, the number which must 
be subtracted in order to make this side a meridian, and 
adding the same number to the other bearings. This will 
become plain by plotting the field, and observing the change 
in the bearings caused by turning the field as required. 

In the example given below, 11® must be taken from the 
bearing of the sixth side in order to make it a meridian. 
To the bearing of the fifth side, W must be added, which 
will make its bearing S. 100*" W., i. e. N. SO** W., and so on. 



E 


•g- 














No. 


Bearings. 


Ch. Bearings. 


Chains. 


N. 


S. 


E. . 


W. 


1 


N. 80* E. 


S. 89» B. 


22.5 




0.39 


22.50 




2 


Unknown. 




12.09 










3 


8.80'* W. 


N. %r W. 


14. 


.24 






14.00 


4 


S. 17' W. 


S. 28* W. 


1.8 




1.59 




.84 


5 


S. 89"* W. 


N.80" W. 


7.4 


1.28 






7.29 


6 


N. 11' W. 


North. 


Unknown. 






















22.50 
22.13 


22.13 



.37 

.8T is therefore the westing of the second course when 
the sixth is considered the meridian. 
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Let A C be the line representing the second course ; k 
AC = 12.09, and BC = .37, and the angle BAC 
from which is obtained the changed bearing of AC, 
and A B, the diff. of lat. of A C, can be found by 
Theorem I. The angle BAC = l** 45' 14", and 
AB = 12.08. That AB = 12.08 belongs in the 
column of southings is evident ; for if it were put 
in the column of northings it would make the sum 
of the northings greater than the sum of the south- 
ings vnthaut the sixth course whose whole length be- 
longs in the column of northings. The changed bearing of 
the second course is therefore S. 1^ 45' 14" W., and the 
true bearing S. 9° 14' 46" E. If A B = 12.08 is put in the 
column of southings, and then the sum of the northings 
subtracted from the sum of the southings, it will give the 
length of the sixth side, 12.54. 

155. If the sum of the northings plus the diff. of lat of 
the side whose bearing is unknown is equal to, or greater 
than, the sum of the southings of the known sides, then this 
diff. of lat. belongs in the column of southings ; otherwise 
there are two sets of answers, with either of which the sur- 
vey will balance. The difference between the two answers 
for the unknown length will be equal to twice the diff. of 
lat. of the side whose bearing is unknown. 

156. Sometimes the ambiguity can be determined by 
plotting the field, as, with one set, the sides of the field 
may cut each other ; otherwise, the line must be traversed 
sufficiently to decide whether it runs in a northerly or 
southerly direction. 

If the sum of the eastings of the known sides is equal to 
the sum of the westings, the two remaining sides are parallel. 

III. When the length of two tides is unknown. 

157. Imagine the field to turn until one of the sides 
whose length is unknown becomes a meridian ; then change 
the given bearings to correspond to this meridian. 
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Find the diflferences of latitude and the departures of the 
known sides with the changed bearings. As the side made 
a meridian has no departure, the di£ference of the sum of 
the eastings and the sum of the westings will be the de- 
parture of the other unknown side. With this departure 
and the changed bearing, the length and the difference of 
latitude of this side can be found. With this difference of 
latitude in its proper place, the difference of the sum of the 
northings and the sum of the southings will be the length 
of the side made a meridian. 



E. 


e- 














No. 


Bearings. 


Ch. Bearings. 


Chains. 


N. 


S. 


E. 


W. 


1 


N. 2r ac B. 


North 


trnknofWiL 










2 


S. 49' E. 


S. 71'30'E. 


S.85 




.90 


2.71 






N. 88* 30' E. 


N. 66* B. 


2.3 


.93 




2.10 






S. 2t'* E. 


S. 4r 30' E. 


11.12 




7.37 


8.33 






s. er W. 


S. 45'»80'W. 


8.8 




5.82 




5 92 




S. 14» W. 


S. 8*30'E. 


Unknown. 












S. 69' W. 


S. 46* 30' W. 


10.62 




7.31 




7.70 














13.14 


13.62 
13.14 



.48 

.48 is therefore the easting of the sixth course when the 
first is considered the meridian* 

If A C represent the sixth side, B C = .48, and 
the angle B A = 8** 30'. 

Then A B the southing of A C will be found by A 
Theorem I. to be 3.21, and AC, the length of the 
sixth side, 3.25. 

If A B = 3.21 is put in the column of southings, b 
and then the sum of the northings subtracted from 
the sum of the southings, it will give the length of 
the first line, 23.68. 
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158. When the two sides whose lengths are unknown are 
parallel, if they run in the same direction, the sum — if in 
opposite directions, the difference — of their lengths can be 
found, but the respective lengths of each are indeterminate. 



IV. When the hearing of two sides is unknown. 

159. Proceed, as in the first Case, to find a line which, 
without the sides whose bearings are unknown, will close 
the survey. Consider this line and the two sides whose 
bearings are unknown, taken in their proper order, as a tri- 
angle, and calculate the angles. The bearing of the two 
sides can then be found from the bearing of the closing 
line. 

E.g. 



No. 


Courses. 


Rods. 


N. 


S. 


E. 


W. 


1 


N. 47* E. 


105. 


71.61 




76.80 




2 


Unknown. 


34. 










3 


S. 23'* W. 


95. 




87.45 




37.12 


4 


Unknown. 


22. 










5 


N. 21" scy W. 


14.5 


13.49 






5.81 


6 


N. 32* 30' W. 


16.5 


13.91 






8.87 


7 


N.51'30' W. 


27.6 


ir.18 






21.60 








116.19 
87.45 


8745 


76.80 
72.90 


72.90 



28.74 



3.90 



The closing line, found as in Case I., runs S. 1"* 43' 34" 
W. 29.01 rods. 

If A C represent the closing line, A B ^ 

will represent the second and B C the 
fourth side of the field. 

As the three sides of the triangle are q^ >vb 

known, we can find the angles by Theorems 
I. and IV. 

6 - H 
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Angle A = 39^ 63' 20" 
" C = 82*" 22' 

The bearing of A B will therefore be S. 32** 9^ 62" E. 
a a "BO " " " N. 89** 64' 26" W. 

160. In this fourth case there are always two sets of 
bearings with either of which the survey will balance. For 
example, A B and B may be supposed to be on the oppo- 
site side of the closing line AG; in this case, the angles 
A and C will be the same, but the bearing of A B will be 
S. 4t° SV W., and of B 0, S. W 38' 26" E. But if the field 
is plotted with these bearings, it will be found that the third 
side cuts the first, and the sixth the third ; therefore these 
cannot be the bearings sought. 

In some examples, it would be impossible to decide 
which set belongs to the field in question, without know- 
ing on which side of the closing line the lines must be 
placed. 

When the length of the closing line is equal to the sum 
or difference of the lengths of the two sides whose bearings 
are unknown, these two sides are parallel to each other ; in 
the former case the bearing of each is the same as the bear- 
ing of the closing line; in the latter 'the bearing of the 
longer is the same as the bearing of the closing line, while 
the bearing of the shorter is the reverse. 

161. In the following examples the parts unknown are 

required : — 

No. I. 

Chains. 



1. N. 88" E. 


10 


2. N. 82° 30' E. 


5 


3. S. 81* E. 


3 


4. S. 5° W. 


3.12 


5. S. 20' E. 


5.15 


6. Unknown 




7. N. 88° W. 


22. 


8. S. 46° 30' W. 


1.73 


9. N. 69° 30' W. 


17.15 
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No. n. 



1. N. 38^ E. 


20. Rods. 


2. Unknown. 


1. 


3. S. 21'' E. 


44. 


4. S. 62^ W. 


Unknown. 


6. N. 44'' 46' W. 


41. Rods. 



No. III. 

1. N. 61^ 30' B. 4.83 Chains. 

2. S. 30^ E. Unknown. 

3. S. 60^ 16' W. 3.05 Chains. 

4. N. 33** W. .83 " 
6. N. er W. .97 " 



6 


N. 66' ac W. 




Unknown. 




No. 


IV. 




1. 


N. 10° E. 


• 


47.8 Rods. 


2. 


Unknown. 




5. 


3. 


S. 21" E. 




19.8 


4. 


S. 20' 30' W. 




28.32 " 


6. 


Unknown. 




9.32 '' 



162. The first case furnishes another method for finding 
the distance between objects separated by an impassa- 
ble barrier, and the bearing of the one from the other; 
and can be used, when the conditions in Prob. Y. Chap. 
VIII. are impossible. Any number of successive courses 
may be run in any possible direction, the only limitation 
being to begin at one object and end at the other; this 
is called running a traverse. Then the process is the same 
as in Art. 152. 

163. When a ship sails from one point to another by 
several courses, the path is called a traverse, — and the 
distance and bearing of the ship from the starting-point 
is found by this same method : this is called working a 
traverse. 
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This, on account of the curvature of the earth, is used 
only where the whole distance run is comparatively 
short. 

Ex. 1. Beginning at a pine tree, the following courses 
were run to a stake and stones : — 

1. S. 43° 30' W. 29 Rods. 

2. S. tr E. 46 " 

3. N. 34** E. 3 '' 

Required, the distance and bearing between the two 
objects. 

Ex. 2. A ship sailed over the following traverse: — 

1. S. r E. 44 miles. 

2. N. 89° E. 20 " 

3. S. U° W. 5 '' 

4. S. 6° E. 21 " 
6. N. 81° W. 12 " 

Required, her course and distance from the starting- 
point 

Ex. 3. Lot. No. 5, page 85, is to be divided by a line which 
is to run midway between the first and sixth sides, and paral- 
lel to them until it meets a line which would join the end of 
the first and the beginning of the sixth sides, and from this 
point in such a direction that the whole field will be di- 
vided into two equivalent parts. Required, the length and 
bearing of the dividing lines, and the point where the last 
line meets the fourth side. 
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CHAPTER XVI. 

SUPPLYING OMISSIONS IN SURVEYING WITH A GONI- 
OMETER. 

164. Any three parts, except three sides, omitted in sur- 
veying with a Goniometer, can be found by calculation. 

The parts omitted may be 

I. Three angles. 
II. Two angles and one side* 
III. One angle and two sides. 

I. When three angles are omitted. 

165. If the proper diagonals are drawn, subtending 
known angles, and their lengths calculated, there will re- 
sult a triangle with its three sides known ; its angles can 
be found, and these with the angles of the other triangles 
into which the polygon has been divided will enable us to 
find the unknown angles. 

In polygons of more than three sides, when the three 
unknown angles are adjacent, the result is ambiguous, 
since the middle of the three angles may be salient or 
re-entrant In practice, however, there will generally be 
some circumstance to determine the ambiguity. 

II. When two angles and one side are omitted. 

166. 1. When the side is between the two angles, if we draw 
diagonals as in the first case, there will result a triangle 
with two sides and the included angle known ; the third 
side, which will be the unknown side of the polygon, and 
its angles can be found ; these angles with the angles 
of the other triangles idto which the polygon has been 
divided, will enable us to find the two unknown angles. 
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2. When onfy one of the angles is adjacent to the side, pro- 
ceed as before, and there will ^result a triangle with two sides 
and an angle opposite to one of them known ; when this 
angle is acute and opposite the shorter of the two sides, 
there is the ambiguity spoken of in Article 44. 

3. When the two angles are adjacent to each other, but neither 
is adfacent to the sidcy draw a plan omitting the side whose 
length is unknown and the side between the unknown 
angles ; the length of the closing line required to complete 
a polygon can be calculated as in the first two cases in this 
Article. 

This closing line and the two sides will form a triangle 
with two sides and an angle opposite to one of them 
known ; therefore the length of the unknown side and 
the unknown angles become known. 

E.g. 

In the field A B C D E F, the angles D and E, and the side 
A B are unknown. 

Draw AG and GH ^ ^ 

parallel to B C and D 
respectively, and join 
CG, DH, andEH. 

The angle GAF is 
known ; for G A F = 
BAP — BAG, and 
BAG=180^ — ABC; 
and AGH = BCD; 
therefore the polygon 
AGHEF, has only the side HE and the two adjacent 
angles unknown, and these can be found as shown in the 
first case in this Article. HD is equal and parallel to AB, 
each being equal and parallel to G C ; for the lines joining 
the extremities of equal parallel lines are themselves 
equal and parallel. The angle DHE is known; for 
DHE = GHE — GHD; as CH is a parallelogram 
GHD = 180^ — CGH; CGH=360^ — (AGH + AGO), 
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and as BG is a parallelogram, A G C = A B C. Therefore 
in the triangle D E H, the two sides D E and E H and the 
angle D H E are known, and the other parts can be found. 
HD is equal to AB, the unknown side, the angle DEH 
added to H E F will give the unknown angle D E F ; and 
EDH added to HDC (=CGH found above) will give 
the unknown angle CDE. 

When the angle DEE is acute, and DE less than EH, 
there is the ambiguity spoken of in Art. 44. Sometimes 
the ambiguity can be determined as shown in Art. 156. 

If the point H falls upon D E, or D E produced, it will 
show that A B and D E are parallel ; if H falls upon D E 
not produced, A B will be equal to D E — HE, and run in 
a direction the reverse of D E ; if H falls upon D E below 
E, A B will be equal to D E + H E, and run in a, direction 
the reverse of DE ; if H falls on DE above D, AB will 
be equal to H E — D E, and run in the same direction as 
D E ; if H falls at E, A B will be equal to D E, and run in 
a direction the reverse of D E ; if H falls upon D, A B will 
be zero, i. e. there is no such side. 

4. When the two angles are not adjacent to each others and 
neither is adjacent to the side, by drawing one or more 
diagonals a polygon can be found with two unknown 
angles adjacent to each other and neither adjacent to the 
side, as in the third case in this Article. 

III. When one angle and two sides are omitted, 

167. The angle can be found by subtracting the sum of 
all the other angles of the field from 180° multiplied by the 
number of sides of the field minus two. 

1. When the two unknown sides are adjacent, if the proper 
diagonals are drawn and calculated, there will result a tri- 
angle with all its angles and one side known, and the other 
parts can be found ; the two unknown sides of the triangle 
will be the two unknown sides of the polygon which thus 
become known. 
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2. When the two unknovm sides are not adjacent, proceed 
as in the third case in Art. 166. The triangle formed by 
the closing line and the two unknown sides of the polygon 
will have all its angles and one side, viz. the closing line, 
known, and the other parts can be found. The remark in 
Art. 158 applies to this case. 

These cases, except where there are unknown angles 
separated from each other, can be solved by the methods 
in Chap. XV., by assuming any side not between unknown 
angles as a meridian, and finding the bearing of the other 
sides referred to this meridian, as in Art 146. 



Examples. 
No. I. 



Sides. 


Angles. 


AB 13.0T Chains. 


A 114° 45' 


BC 8.4 


B Unknown 


CD 9.2 


C 222° 30' 


DE 44.6 


D Unknown 


EF 8.64 " 


E 86° 


FA 48.8 


F Unknown. 


No. II. 




Sides. 


Angles. 


AB 85. Eods. 


A 98° 


B 92.66 " 


B Unknown. 


CD 56. 


C 89° 


DE t.5 '' 


D 243° 


EF Unknown. 


E 108° 


F G 70 Rods. 


F 100° 


GA24 " 


G Unknown. 
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CHAPTER XVII. 

LEVELLING AND GRADING. 

168. Two places are on the same level when they are at 
equal distances from the centre of the earth. Considering 
the earth as a perfect sphere, which is suflSciently accurate 
for all common purposes, its sur- 
face is the tnie level The ap- 
parent level is a tangent to this 
surface. 

If DAB is a portion of the 
surface of the earth, the two 
points A and B are on the same 
level, while apparently/ A and E 
are on the same level. AB is 
therefore the line of true level, 
and AE the apparent level 

To find the difference between the true and apparent level 

169. From a well-known proposition in Geometry, wo 
have AE» = BE (2BC + BE). 

B E is verf/ small compared with 2 B (the diameter of the 
earth), and may be dropped in the expression (2 B + B E), 
and we shall have 

AE« 




AE2 = 2BC X BE, .-. BE=: 



2BC 



Since 2BC is a constant quantity, BE varies as the 
square of A E. 

If A E be equal to one mile, as the diameter of the earth 
is 7919 miles, we have 



B E = - - mile = 8.001 inches. 
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Hence the 




Variation for one mile 


is 8 inches. 


" " two miles 


is 32 " 


" " three miles 


is 12 " 


" " one. half mile 


is 2 " 



" " one quarter mile is 0.5 inch, &c. 

Ex. 1. How far from shore will a ship be when objects 
on the shore pass beneath the horizon tb a person in the 
rigging Y6 feet above the surface of the water ? 

75 Dist* /75 X 7919 t^. . ,. ., v-, 

6280 = 7919' ^^ V -5280— = ^'^^ ^^^ °^^^^«-)* 

(Work the example with logarithms.) ' ^ ' ^ 
Ex. 2. If the top of a mountain is just on the horizon 
to a ship 180 miles from it, what is the height of the 
mountain f 

Ex. 3. If a person should rise in a balloon five miles, 
how far from him will be his horizon? 

lYO. A carpenter's level placed upon the tripod of the 
compass can be used as a levelling instrument. But if the 
grade of ascent or descent is to be found in degrees, the 
compass, constructed as mentioned in Art 84, or the the-* 
odolite, or a simple instrument shown in the following 
figure may be used. 



D 



LI 



B 



♦ This is irrespective of refraction. 
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A B is a strip of board perfectly straight on the top. D E, 
another strip of board, is fastened to- A B at right angles, 
and a plumb line with the point of attachment at the centre 
of the circle of which the arc FG is a part, hangs from 
A B across the centre of D E. The arc F G mast be marked 
off into degrees, so that, when A B is horizontal, the plumb 
line coincides with 0®. It can be placed upon the tripod by 
means of a hole at 0. 

The surveyor should be supplied with two levelling 
staves marked off into feet and inches, or decimals of a 
foot. There is sometimes a small piece of board having 
four equal rectangles painted alternately white and black, 
80 fitted as to slide up and down on the staff. 

To find the difference of level of two places, 

lYl. The top of the level must be brought into a hori- 
zontal position, and a person sent forward with a staff; 
this staff must be placed vertically upon the ground, and 
the slide moved up or down until its centre is exactly in 
the line of sight with the top of the level. The apparent 
difference of level will equal the difference between the 
distance of the top of the level from the ground and the 
height of the centre of this slide from the ground. The 
correction to be subtracted to find the true level will vary 
as stated in Art. 169. 

E. g. Suppose the top of the level, or the line of the 
telescope in the theodolite is 4j^ feet high and the centre of 
the slide is 3^ feet ; the apparent difference of level is 14 
inches ; if the distance is one mile, tiie true difference of 
level is 6 inches ; if one quarter of a mile, 13^ inches. 

IT 2. If, however, the levelling instrument is placed mid- 
way between the two points whose difference of level is 
required, and the slides of the staves (one at each point) 
brought into the line of the level, the difference of the 
height of the slides will be the true difference of leveL 
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E. g. If the level- 
ling instrument is 
placed at 0, and the 
line of level strike 
the staves, placed at equal distances from it, C A and B, 
at the points A and B, it is evident that A and B are equally 
distant from the centre of the earth. 

The difference between A D and B E will therefore give 
the true difference of level of the points D and E. In this 
case, therefore, we shall not need to know the height of the 
top of the level and shall have no correction to make to 
reduce apparent level to true levels nor is it necessary that 
the three points A, 0, and B should be in the same vertical 
plane, provided A and B are equally distant from 0. 

1T3. It is often required to find the difference of level 
between points distant and not visible from each other, nor 
both visible from any third point, ortf visible differing con- 
siderably in level. Suppose, for instance, the difference of 




m^,B 



level of the two points A and B is required ; the difference 
of level of A and can be first found, then of and D, 
and of D and B, and the sum of the first two differences 
minus the last will be the difference of level of A and B ; i. e. 

(A E — OF) + (0 G — D H) — (B K — D I) = the differ- 
ence of level of A and B. 
But this is equal to 

(AE + CG+J)I) — (OF + DH + BK). 
That is, the difference of level is equal to the sum of the hack- 
sights minus the sum of the foresights. 

If the sum of the back-sights exceeds the sum of the 
fore-sights, the last station is higher than the first. 
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In finding the difference of level of two points, as in 
running a traverse, any number of successive lines may 
be used, in any possible direction^ the only limitation being 
to begin at one point and end at the other. In ordinary 
cases, the middle point between the staves can be found 
with sufficient accuracy by pacing. 

1Y4. The field-book can be kept as follows : — 

(The measoremeiits are in feet and decimals of a foot) 



Dist Feet. 


B.S. 


F. S. 


Diff. 


Total. 


A 










0.00 


B 


200 


8.12 


2.00 


+ 6.12 


+ 6.12 


C 


175 


9.60 


0.00 


+ 9.60 


+ 15 72 


D 


215 


4.07 


9.00 


— 4.93 


+ 10.79 


E 


150 


2.75 


7.50 


— 4.75 


+ 6.04 


F 


100 


1.00 


9.14 


— 8.14 


— 2.10 


G 


120 


1.15 


8.20 


— 7.05 


— 9.15 


H 


200 


2.50 


9.50 


— 7.00 


— 16.15 


I 


120 


8.00 


2.25 


+ 5.75 


— 10.40 


1280 


87.19 
47.59 


47.59 







— 10.40 

The first column contains the horizontal distances be- 
tween the stations ; the second, the back-sights ; the third, 
the fore-sights ; the fourth, the difference of level of two 
consecutive stations, obtained by subtracting the fore-sight 
from the back-sight ; the fifth, the difference of level of any 
station and the first, obtained by a continual addition of the 
differences in the fourth column. 

In the fourth column the sign plus shows that the station 
is higher than the preceding, the sign minus, lower ; in the 
fifth column the same signs show whether a station is higher 
or lower than the first station. As a test c/i the accuracy 
of the calculations, subtract the sum of the fore-sights from 



126 



suRVEYma 



the sum of the back-sights ; the remainder should be the 
same as the last number in the fifth column. 

There is no need of measuring the distance between the 
stations when the object is simply to find the difference of 
level of two points. 

1Y5. If a plan of the above were drawn with the hori- 
zontal and vertical distances on the same scale, the rise and 
fall would hardly be perceptible. It is necessary, therefore, 
to multiply the vertical distances by some constant, as 10, 
100, and sometimes, when the distance is large and the dif- 
ference of level small, 1000. In the following plan of the 
above section the vertical distances are multiplied by 10. 
To draw the plan, draw a horizontal line A K, called a 
"Datum," and, beginning at the first station, A, mark off 
upon it the horizontal distances as given in the field-book. 
At the several stations draw perpendiculars whose lengths 
correspond to the numbers in the last column multiplied by 
ten, above or below the line according as the given length 

C 

D 




is plus or minus. The irregular line, A B D, &c., joining 
the ends of these perpendiculars represents the line trav- 
ersed, and the whole diagram a vertical section of the 
ground, with the exception of the exaggeration caused by 
multiplying the vertical distances by ten. If for any reason 
it were desirable to move the datum up or down, it could 
be done by subtracting a constant from or adding it to the 
numbers in the fifth column. 

IT 6. If now it were necessary to make an inclined plane, 
for a watercourse for example, from A to I, it would be 
easy to find the depth to which the earth must be removed 
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at B, G, D, E, and F, and the height of the filling at O and 
n, and any intermediate points. For, joining A I, and pro- 
ducing, if necessary, the perpendiculars til) they meet A I, 
there will be a series of triangles, AST, A V W, &c., all 
similar to A K I ; and the lengths of the several perpendic- 
ulars between the lines A K and A I can be found. 

AK:KI: : AM:ML. 

1280 : 10.40 : : 1160 : 9.42 = ML. 

HL = HM~LM = 10.40 — 9.42 = 0.98. 

The filling at H, therefore, must be 0.98 of a foot in 
depth. 

AK:KI: : AV : VW, 

1280 : 10.40 : : 3T5 : 3.06 = V W. 

CW = CV + VW = 16.Y2 + 3.05 = 18.TY. 

The depth to which the earth must be removed at 0, 
therefore, must be 18. YT feet. 

In the same way the depth at any other point can be 
calculated. 

ITT. To find at what 
point AX crosses FG, 
draw F R and X Y parallel 
toAK. GR=GO— FP, 
and FR = PO; hence 
the angle GFR = GXY 
becomes known. The 

angle NXY (=IAK) is also known. The angle GXN 
= GXY — NXY, the angle GNX = 90** + NXY, and 
the side G N is known. 

Hence, in the triangle GXN, the angles and one side are 
known and G X, the distance from G on the line F G, at 
which the digging must commence, can be found. In the 
right-angled triangle G X Y, we now have G X and all the 
angles, and XY, the horizontal distance firom G at which 
the digging must commence, ean be found. 





P 
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1Y8. The nnmber of cubic feet of earth to be removed in 
digging a channel from A through the elevation can be 
found. The vertical section ABCDEFX consists of a 
series of trapezoids whose parallel sides BT, CW, &c., 
and altitudes AS, SV, &c., are known. (The altitude of 
F X Z is known from Art. Ill ; it is equal to P — X Y.) 
Its area can therefore be found. This area multiplied by the 
width of the channel will give the solid contents required. 
This calculation is on the supposition that the sides of the 
channel are perpendicular. If the sides are not perpendicu- 
lar, let the solid contents of the central portion, using the 
width required at the bottom, be found as above ; to this 
add the solid contents of the two portions on the sides. 
Each of these portions is a truncated prism whose solid 
contents can be approximately found by considering each 
portion a pyramid whose base is the vertical section of 
the channel. (Art 108.) 

It 9. If the grade of ascent or descent is required in 
degrees, the top of the level placed midway between the 
stations must be directed to points on the staves placed at 
the stations, these points being the same distance above the 
ground ; the degrees will be indicated* by the position of 
the plumb line on the arc. 

180. Sometimes in measuring roads a registering-wheel 
is used. If the grade of ascent or descent is taken in 
degrees and the distances between the several stations 
measured with this wheel, or with the chain along the sur- 
face of the ground, the horizontal distances and the elevation 
or depression can be found from the Traverse Table. From 
Ihe column of Lat. we shall get the horizontal distance, 
and from the column of Dep., the elevation or depression. 

181. The field-book can be kept as in the following table. 
The first column contains the distances measured along 
the surface of the ground; the second, the degrees of 
elevation marked +, and of depression marked — ; the 
numbers in the third, fourth, and fifth columns are taken 
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from the Traverse Table; those in the third are the Aon- 
zontai distances, in the fourth the elevations, and in the fifth 
the depressions ; and the numbers in the sixth column show 
the difference of level of any station and the first, and are 
obtained by a continual addition of the numbers in the 
fourth and fifth columns, those in the fourth being con- 
sidered plus, and those in the fifth minus. The measure- 
ments are in rods and decimals of a rod. 



Dist. Rods. 


o 


H.D. 


+ 


— 


Total 


142 


4 + 


141.66 


9.91 




+ 9.91 


aoo 


3 — 


199.72 




10.46 


— .55 


130 


2-h 


120.92 


4.54 




+ 3.99 


25 


5-f 


24.90 


2.18 




+ 6.17 


84 


3 — 


83.88 




4.40 


+ 1.77 


117 


1 — 


116.98 




2.05 


— .28 


49 


2-1- 


48.97 


1.71 




+ 1.43 


747 




737.03 


18.34 
— 16.91 


16.91 





+ 1.43 

182. Of two roads beginning and terminating at the same 
point with each other, the horizontal distance of the one 
which runs nearer the same point of compass throughout, is 
less ; but the actual distance traversed in passing over this 
one may be greater, if it is more hilly. It may be a less 
distance round a hill to the opposite side than over its top. 
In plotting two such roads the bearings and the horizontal 
distances must be used, or the one which is more hilly will 
overlap the other. 

The comparative difference of level of the two roads can 
be shown best by having a separate plan for each showing 
only the variation in level. 



A TABLE OF LOGARITHMS FROM 1 TO lO.ClUCX 



N, 1 1 I I 3 1 3 i 4 i 5 i 6 I 7 1 8 1 9 i D. 1 


100 


OOOOOf* 


i0434 0868 


1301i 1734,216612,108 


3029 


U4K1 


3.891 


4:i2 


101 


43-Jl 


4751 5181 


5609 


^ 6038 


6466 


6804 


7331 


7748 


8174 


42b 


loa 


8GU(1 


9026 9151 


9876 


1.300 


,724 


1147 


1570 


1093 


3415 


424 


103 


012837 


3250 3680 


4100 


U52I 


4940 


5360 


5779 


6197 


6616 


*10 


104 


7033 


745117868 


8284 


870O 


9116 


9532 


9947 


.361 


.775 


416 


105 


031189 


1603,2016 


2428 


2841 


3252 


3664 


, 4075 


4486 


4896 


412 


106 


5306 


5715 


6125 


6533 


6942 


7350 


7757 


i8l64 


8571 


8978 


408 


107 


B384 


9789 


,195 


,600 


1004 


1408 


1812 


;2216 


2619 


302 L 


404 


109 


033434 


3836 


4227 


4638 


5021 


5430 


6830 


6230 


6629 


7028 


40U 


109 

m 


7425 


7825 
'1787 


8223 


8630 
3576 


0017 


9414 
3362 


98H 
3755 


.207 


.602 


.998 
4932 


396 
393 


04r3y3 


2182 


2060 


4148 


4540 


111 


5323 


5714 


6105 


6495 


6885 


7275 


7664 


8053 


8442 


8830 


389 


U2 


9218 


0606 


9003 


.380 


,766 


1153 


1638 


1924 


2309 


3694 


3S6 


113 


05307ti 


3463 


3846 


4330 


4613 


4096 


5378 


5760 


6143 


6524 


383 


114 


6SJ05 


7386 


7666 


8046 


8426 


8Sl0rp 


9f'55 


9563 


9943 


.320 


370 


llfi 


060698 


1075 


1452 


1829 


2206 


258:^ 


'^i+r>s 


3333 


3700 


4083 


3iG 


116 


4458 


4832 


5206 


5580 


5953 


6336 


6699 


7071 


7443 


7815 


372 


in 


8180 


8557 


8928 


9298 


0668 


..38 


.407 


.776 


N46 


1514 


369 


ite 


071882 


2250 


3617 


2085 


3352 


3718 


4085 


4451 


4816 


5182 


366 


119 
130 


5M7 


5912 
0543 


6276 
9904 


6640 
.266 


7004 
.626 


7368 
.987 


7731 
1347 


8004 
1707 


84.57 


8819 
2426 


363 
360 


07yi81 


2067 


131 


082785 


3144 


3503 


3861 


42l» 


4576 


4934 


5201 


5647 


6004 


357 


123 


6360 


6716 


7071 


7426 


7781 


8136 


8490 


8845 


0198 


9553 


355 


123 


9905 


.258 


,611 


.963 


1315 


1667 


2018 


2370 


2731 


3071 


351 


UA. 


093422 


3772 


4122 


4471 


4820 


5160 


5518 


5866 


6215 


6562 


349 


125 


6910 


7257 


7604 


7951 


8208 


8644 


8090 


9335 


0681 


,.36 


346 


126 


100371 


0715 


1059 


1403 


1747 


2091 


2434 


2777 


3119 


3462 


343 


127 


3804 


4146 


4487 


4828 


5169 


5510 


5851 


6191 


6531 


6871 


340 


138 


7210 


7549 


7888 


8337 


8565 


8903 


9341 


9579 


9016 


.253 


3;t8 


139 
130 


110500 
113043 


0926 
4277 


1363 
46 n 


1599 
4944 


1934 
5278 


2270 


3605 
5943 


2040 
6276 


3275 
6603 


3609 
6040 


335 
333 


5611 


131 


7271 


7603 


7934 


8265 


8595 


8026 


0256 


9586 


9915 


,245 


330 


133 


120574 


0903 


1331 


1,560 


1888 


2216 


2544 


2871 


3198 


3525 


328 


: 133 


3852 


4179 


4504 


4830 


5156 


5481 


6806 


6131 


6456 


6781 


335 


134 


7105 


7429 


7753 


8076 


8399 


8722 


9045 


9.168 


069O 


,.13 


323 


135 


130334 


0655 


0977 


1398 


161*1 


1939 


2260 


2580 


2900 


3210 


321 


136 


3i>39 


3858 


4177 


4^196 


48U 


5133 


.5451 


5760 


6086, 


6403 


318 


137 


6731 


7037 


7354 


7671 


7087 


8303 


8618 


8934 


0249 


9564 


315 


13S 


9879 


,194 


,508 


.823 


1136 


1450 


1763 


2076 


2389 


2702 


314 


139 
140 


143015 


3327 
6438 


3639 


3951 


4263 


4574 
7676 


4885 
7985 


5196 


.5507 
8603 


5818 
8911 


311 
300 


146128 


6748 


7068 


7367 


8294 


141 


9219 


9527 


9835 


J42 


.449 


.756 


[063 


1370 


1676 


1983 


307 


142 


152288 


3504 


2900 


3305 


3510 


3815 


4120 


4424 


4728 


5032 


305 


143 


5336 


5640 5943 


6246 


6549 


6852 


7154 


7457 


7759 


8061 


303 


144 


8362 


8664 8965 


9266 


9567 


9868 


.168 


,469 


,769 


1068 


301 


145 


161368 


1667 


1967 


2266 


2564 


2863 


3161 


3460 


3768 


4055 


309 


1+6 


4353 


4650 


4947 


5244 


5541 


583B 


6134 


6430 


6736 


7023 


307 


U7 


7317 


7613 


7908 


8203 


8497 


8702 


9086 


9380 


0674 


9968 


395 


i4a 


171*262 


0555 


0848 


1141 


1434 


1736 


2019 


2311 


2603 


2895 


303 


M9 
150 


3186 


3478 
63.^1 


3769 


4060 


4351 
7248 


4641 


4032 


5222 
8113 


5512 


5802 
8689 


291 ■ 
289 


1760S1 


667U 


6959 


7536, 7825 


8401 


151 


8977 


9264 


9553 


9839 


.126 


.413, .699 


.985 


1272 


1.558 


287 


152 


IS 1844 


3120 


3415 


2700 


2985 


32701 3555 
6108 6301 


3839 


4133 


4407 


285 


163 


4691 


4975 


5359 


5542 


5825 


6674 


6956 


7239 


283 


134 


7521 


7803 


8084 


8366 


8647 


8028 


9209 


9490 


0771 


..51 


281 


155 


190333 


0612 


0892 


1171 


1451 


1730 


2010 


2289 


3567 


2846 


279 


156 


3125 340:i 


3681 


3959 


4237 


4514 


4792 


5069 


5346 


5623 


378 


157 


5899, 6176 


6453 


6729 


7005 


738 1 


7556 


7832 


8107 


8382 


376 


t5a 


8G57 8932 


9206 


0481 


9755 


..29 


.303 


.577 


.850 


1124 


274 


159 


301397^ IfiTO 194313316 


2488 


2761 


3033 


3305 


357? 3848 


272 
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A TABLE OF LOGAKlTHMS FROM I TO 10,000 




3 


N. 1 a 1 1 1 2 1 3 1 4 1 ii 1 6 1 7 a 1 9 ! D. 


\m 


2041201 4391 


4663 


4934 


6204 


6475 


6746 


60l6i6386,6.%6 


271 


mi 


682a 


7096 


7365 


' 7634 


7904 


8173 


8441 


8710 


8979 


9347 


369 


ig:; 


95li> 


9783 


.,51 


,319 


,586 


.853 


1121 


1388 


16.54 


1921 


267 


lfi3 


312188 


2^154 


3720 


2980 


3252 


3518 


3783 


4049 


4314 


4579 


266 


164 


4S44 


5109 


5373 


5638 


5902 


6166 


6430 


6694 


6957 


7231 


2a4 


165 


7484 


7747 


,8010 


8373 


8536 


8798 


9060 


9323 


9585 


98^16 


262 , 


166 


220108 


0370 


0631 


0893 


1163 


1414 


1675 


1936 


S19B 


2456 


261 


m 


27 te 


3976 




3496 


37ft5 


4015 


4274 


4533 


4792 


5051 


259 


t6R 


5309 


5568 


5836 


6084 


6342 


6000 


6858 


7115 


7373 


7630 


258 


169 
I7(* 


7S87 


8144 


8400 
0960 


8667 
1315 


8913 


9170 
1724 


9426 
1979 


9683 
2234 


|9938 


,193 


256 
354 


230449 


0704 


1470 


I 2488 


3743 


(71 


2996 


3350 


3504 


3757 


4011 


4264 


4517 


4770 


'5023 


5276 


263 


173 


552S 


5781 


6033 


6385 


6537 


6789 


' 7041 


7293 


7644 


7f05 


253 


173 


804G 


8S97 


8548 


8799 


0049 


9299 


j 9550 


9800 j ..50 


,,300 


250 


174 


240EV19 


0799 


104^ 


1397 


1546 


1795 


1 3044 


3293' 2641 


3790 


249 


ITS 


3038 


3£8fi 


3534 


3782 


4030 


4277 


4525 


4773 


5019 


5266 


248 


17G 


5513 


5759 


6006 


6352 


6499 


6745 


6991 


7237 


7482 


7728 


2^16 


177 


7973 


8319 


8404 


8709 


8954 


9198 


9443 


0687 


9932 


.176 


215 


178 


250420 


0(i04 


0908 


U5l 


1395 


1038 


1881 


3135 


3368 


2610 


343, 


179 


2853 


3096 


3338 
5755 


3580 
5996 


3822 
6237, 


4064 
6477 


4306 
6718 


4546 

6958 


4790 


6031 


342 

341 


255^373 


5514 


7108 


7439 


m 


7G79 


7918 


8158 


839S 


8637 


8877 


9116 


9355 


9594 


9833 


239 


[,S2 


360071 


0310 


0548 


0787 


1025 


1263 


1501 


1739 


1976 


2214 


238 


[m 


2451 


2688 


3935 


3162 


3399 


3636 


3873 


4109 


4346 


4582 


237 


184 


4818; 5054 


5290 
7641 


5535 


5761 


5996 


6233 


6467 


6702 


6937 


335 


ISS 


7172^7406 


7875 


8110 


8344 


8578 


8812 


9040 


9279 


334 


I8fi 


9513 


9746 


9980 


.313 


.4^16 


,679 


,913 


Ui4 


1377 


1609 


333 


18? 


271842 


3074 


2306 


3538 


2770 


3001 


3233 


3464 


3696 


3937 


332 1 


188 


4158 


4380 


4630 


4850 


5081 


5311 


5M2 


5773 


6002 


6232 


330 


189 
190 


6463 


6693 


6931 


7151 
9430 


7380 
9667 


7609 
9805 


7838 
.123 


8007 


8396 
,578 


8525 


229 

228 


278754 


8983 


9311 


.351 


IWl 


281033 


1361 


1488 


1715 


1943 


2169 


3396 


3622 


2849 


3075 


2J7 


JI>3 


3301 


3527 


3753 


3979 


4205 


4431 


4656 


4382 


5107 


5332 


326 


mi 


6557 


5782 


6007 


6333 


645B 


66^1 


6905 


7130 


7354 


7578 


325' 


194 


7803 


80ati 


8349 


8473 


8696 


8920 


9143 


9366 


9689 


9812 


323 


19:1 


290035 


0257 


04^0 


0703 


0935 


H47 


1369 


1591 


1813 


3034 


222 


19B 


225G 2478 


3fE99 


2920^ 


3141 


3363 


3584 


3804 


^1^:J25 


4246 


321 


197 


4466, 4(J8T 


4907 


5127 


5347 


5567 


5787 


6007 


6226 


64^16 


330 


198 


606ai 5884 


7104 


7323 


7542 


7761 


797iJ 


8198 


8416 


a6,^'i 


319 


199 


8853 
301030 


9071 
!247 


9289 
1464 


9507 
1681 


9725 
1898 


9943 


.161 


.3781 


.595 
3764 


.^813 


318 


2U4 


2331 


2547 


2980 


217 


tiOl 


3196 


3412 


3638 


3844 


4(159 


4275 


4491 


4706 


4921 


5130 


216 


t3(»2 


5351 


5566 


5781 


5096 


0211 


6425 


6639 


6854 


7068 


7283! 


21& 


ar>3 


7496 


7710 


7924 


8137 


8351 


8564 


8778 


8091 


0204 


9417 


3L3 


2(K 


9630 


9843 


.,56 


.268 


.1^1 


.693 


.906 


1118 


1330 


1542 


213 


21^5 


3117^ 


1966 


3177 


3389 


860ti 


mi2 


3023 


3334 


3445 


3656 


211 


29G 


3867 


4078 


4289 


44^ 


4710 


4920 


5130 


5340 


5551 


5765 


210 


'i!>7 


5970 


6180 


6390 


6599 


6809 


7018 


7237 


7436 


7646 


7854 


209 


^zm 


S063 


8373 


8481 


8689 


8898 


OlOtt 


9314 


9533 


9730 


9938 


203 


209 


320146 0354 
322319 3420 


0563 
2633 


0769 
2839 


0977 
3046 


1184 


1391 
3458 


1598 
3665 


1805 
3871 


20 13 
4077 


207 

2or> 


32fi3 


211 


4282! 4^t88 


4694 


44^99 


5105 


5310 


5516 


5721 


5926 


6131 


205 


212 


63365 6541 


6745 


6950 7155 


7350 


7563 


7767 


7973 


8176 


204 


213 


83^01 8583 


8787 


8991; 9191 


9398 


9601 


9805 


**.8 


.211 


203 


■214 


33041410617 


0810 


1023. 1235 


1427 


1630 


1832 


3034 


3236 


203 


Slfl 


3438! 2640 


3842 


3014 3346 


3447 


3049 


3850 


4051 


4253 


202 


216 


4454i 4655 


4856 


5057 n^oT 


5458 


5658 


5859 


0059 


6300 


201 


217 


6460^ 6660 


6860 


7!)J>0 7-JfU^ 


7459 


7650 


7368 


8058 


8357 


200 


IIH 


84561 8656 


8&55 


9054 9X153 


9451 


9650 


9849 


,.47 


.346 


199 


na 3404^W'(ltM2' 08-11 


1039 1337' 1435' 


1633 1830 


2038 


2225 198 1 
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A TABLB OF LOtfASITfllCB FROM 1 TO 10,000. 






N. 


1 1 1 2 


8 1 4 1 5 1 6 1 7 1 8 


9 |D.| 


220 
221 
222 
223 
224 
226 
226 
227 
228 
229 
230 
231 
232 
233 
234 
236 
236 
237 
238 
239 
240 
241 
242 
243 
244 
246 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
266 
267 
258 
259 
260 
261 
262 
263 
264 
265 
286 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 


342423 
4392 
6353 
8306 

350248 
2183 
4108 
6026 
7936 
9836 


2620 
4589 
6649 
8600 
0442 
2376 
4301 
6217 
8126 
..25 
1917 
3800 
6675 
7642 
9401 
1253 
3096 
4932 
6769 
8680 


2817 
4786 
6744 
8694 
0636 
2668 
4493 
6408 
8316 
.216 
2106 
3988 
6862 
7729 
9687 
1437 
3280 
6115 
6942 
8761 


3014 
4981 
6939 
8889 
0829 
2761 
4685 
6599 
8606 
.404 
2294 
4176 
6049 
7916 
9772 
1622 
3464 
5298 
7124 
8943 


3212 
6178 
7136 
9083 
1023 
2954 
4876 
6790 
8696 
.593 


3409 
6374 
7330 
9278 
1216 
3147 
6068 
6981 
8886 
.783 


3606 
6670 
7626 
9472 
1410 
3339 
6260 
7172 
9076 
.972 
2869 
4739 
6610 
8473 
.328 
2176 
4015 
5846 
7670 
9487 


3802 
6766 
7720 
9666 
1603 
3632 
6452 
7363 
9266 
1161 
3048 
4926 
6796 
8669 
.513 
2360 
4198 
6029 
7862 
9668 
1476 
3277 
6070 
6856 
8634 
.406 
2169 
3926 
5676 
7419 


3999 
6962 
7916 
9860 
1796 
3724 
6643 
7554 
9456 
1360 


4196 
6157 
8110 
..54 
1989 
3916 
6834 
7744 
9646 
1639 


197 
196 
195 
194 
193 
193 
192 
191 
190 
189 
188 
188 
187 
186 
185 
184 
184 
183 
182 
181 


361728 
3612 
5488 
7356 
9216 

371068 
2912 
4748 
6677 
8398 


2482 
4363 
6236 
8101 
9968 
1806 
3647 
6481 
7306 
9124 


2671 
4561 
6423 
8287 
.143 
1991 
3831 
6664 
7488 
9306 


3236 
6113 
6983 
8846 
.698 
2644 
4382 
6212 
8034 
9849 


3424 
6301 
7169 
90.30 
.883 
2728 
4665 
6394 
8216 
..30 


380211 
2017 
3816 
6606 
7390 
9166 

390935 
2697 
4452 
6199 


0392 
2197 
3995 
6785 
7568 
9343 
1112 
2873 
4627 
6374 


0673 
2377 
4174 
6964 
7746 
9520 
1288 
3048 
4802 
6548 
8287 
..20 
1745 
3464 
5176 
6881 
8579 
.271 
1956 
3635 
5307 
6973 
8633 
.286 
1933 
3574 
6208 
6836 
8459 
..76 


0754 
2667 
4353 
6142 
7923 
9698 
1464 
3224 
4977 
6722 
8461 
.192 
1917 
3636 
6346 
7051 
8749 
.440 
2124 
3803 
5474 
7139 
8798 
.451 
2097 
3737 
5371 
6999 
8621 
.236 


0934 
2737 
4633 

6321 
8101 
9875 
1641 
3400 
5152 
6896 


1116 
2917 
4712 
6499 
8279 
..61 
1817 
3575 
6326 
7071 


1296 
3097 
4891 
6677 
8456 
.228 
1993 
3761 
6601 
7245 


1656 
3456 
5249 
7034 
8811 
.682 
2346 
4101 
68.50 
7592 


1837 
3636 
5428 
7212 
8989 
.769 
2621 
4277 
6025 
7766 


181 
180 
179 
178 
178 
177 
176 
176 
176 
174 
173 
173 
172 
171 
171 
170 
169 
169 
168 
167 


397940 
9674 

401401 
3121 
4834 
6540 
8240 
9933 

411620 
3300 


8114 
9847 
1573 
3292 
5005 
6710 
8410 
.102 
1788 
3467 
5140 
6807 
8467 
.121 
1768 
3410 
6046 
6674 
8297 
9914 


8634 
.365 
2089 
3807 
55.7 
7221 
8918 
.609 
2293 
3970 
5641 
7306 
8964 
.616 
2261 
3901 
55.34 
7161 
8783 
.398 


8808 
.538 
2261 
3978 
5688 
73ai 
9087 
.777 
2461 
4137 


8981 
.711 
2433 
414S 
5858 
7561 
9267 
.946 
2629 
4305 


9154 
.883 
2606 
4320 
6029 
7731 
9426 
1114 
2796 
4472 
6141 
7804 
9460 
1110 
2764 
4392 
6023 
7648 
9268 
.881 


9328 
1056 
2777 
4492 
6199 
7901 
9596 
1283 
2964 
4639 


9501 
1228 
2949 
4663 
6370 
8070 
9764 
1451 
3132 
4806 


414973 
6641 
8301 
9956 

421604 
3246 
4882 
6611 
8136 
9762 


5808 
7472 
9129 
.781 
2426 
4065 
5697 
7324 
8944 
.559 


5974 
7638 
9295 
.946 
2590 
4228 
5860 
7486 
9106 
.720 


6308 
7970 
9625 
1275 
2918 
4655 
6186 
7811 
9429 
1042 
2649 
4249 
5844 
7433 
9017 
.594 
2166 
3732 
5293 
6848 


6474 
8135 
9791 
1439 
3082 
4718 
6349 
7973 
9591 
1203 
2809 
4409 
6004 
7692 
9176 
.752 
2323 
3889 
5449 
7003 


167 
166 
165 
165 
164 
164 
163 
162 
162 
161 
161 
160 
159 
159 
168 
158 
187 
157 
166 
155 


431364 
2969 
4669 
6163 
7761 
9333 

440909 
2480 
4045 
5604 


1525 
3130 
4729 
6322 
7909 
9491 
1066 
^637 
4201 
5760 


1686 
3290 
4888 
6481 
8067 
9648 
1224 
2793 
4357 
5915 


1846 
3450 
5048 
6640 
8226 
9806 
1381 
2950 
4513 
6071 


2007 
3610 
6207 
6798 
8384 
9964 
1638 
3106 
4669 
6226 


2167 
3770 
.5367 
6957 
8542 
.122 
1695 
3263 
4825 
6382 


2328 
39.30 
5526 
7116 
8701 
.279 
1852 
3419 
4981 
6537 


2488 
4090 
6686 
7275 
8859 
.437 
20091 
3576 
5137 
6692 


N. 1 |l|2l3|4|5|6|7|8|9|D. 1 







TO 10,000 




6 


N. 


1 1 i 3 1 3 1 4 1 ft 1 6 1 7 ! 8 1 y ( D. 1 


280 


447158 


7313 7468 


7623 


7778 


T933 


8l»88 


8243j 8397 


8552 1551 


tTii\ 


R706 


8861 9015 


9170 


9324 


9478 


9633 


9787 


9941 


..95 


164 


2H2 


450249 


0403 0557 


0711 


0865 


1018 


1172 


1326 


1479 


1633 


164 


t!^'A 


1786 


1940U093 


3247 


3400 


2553 


2706 


2859 


3012 


3165 


163 


m4. 


3318 


3471 


3624 


3777 


3930 


4082 


4235 


4387 


4540 


4593 


163 


21^5 


4845 


4997 


5150 


5302 


5454 


6606 


6758 


5910 


6062 


6214 


15S 


ii86 


6366 


'661S 


6670 


6821 


n&73 


7125 


7276 


7428 


7579 


7T31 


im 


2S7 


7882 


8033 


81S4 


8336 


8487 


8638 


6789 


8940 


9091 


9242 


151 


*-If^8 


9392 


9543 


9694 


9845 


9995 


,146 


.296 


.447 


,597 


,748 


151 




460S9^ 
462398 


1048 
2548 


1198 
2697 


1348 

2847 


1499 
2997 


1649 


1709 
3296 


1948 
3445 


3098 
3594 


2248 
3744 


150 
150 


3145 


*^9l 


3893 


4042 


4191 


4340 


4490 


4639 


4788 


4936 


5085 


5234 


H9 


1:92 


5383 


5532 


5680 


5829 


5977 


6126 


0274 


6423 


6571 


6719 


149 


i:W3 


68fie 


7016 


7164 


7312 


7460 


7608 


7756 


7904 


8052 


8200 


148 


sy4 


8347 


8495 


8643 


8790 


8938 


9085 


9233 


9380 


9527 


9675 


148 


^96 


9823 


9969 


,116 


.263 


.410 


<55T 


.704 


.851 


.998 


1145 


147 


296 


471293 


1438 


1585 


1732 


1878 


2025 


2171 


2318 


3464 


2610 


146 


297 


£756 


2903 


3049 


3195 


33^11 


3^187 


3633 


3770 


3925 


4071 


146 


298 


4216 


4362 


4508 


4653 


4799 


4944 


5090 


5235 


5381 


5626 


146 


mo 


5671 


5816 


5962 
7411 


6107 
7555 


6S32 
7700 


6397 
7844 


6542 
7989 


6687 
8133 


6832 
8378 


6976 
8422 


145 
145 


477121 


7266 


30 L 


8506 


8711 


8855 


8999 


9143 


9387 


9431 


9575 


9719 


B863 


144 


:HI2 


480007 


0151 


0294 


0438 


0582 


0725 


0869 


1012 


1166 


1299 


144 


303 


J 443 


1586 


1729 


?872 


2016 


2159 


2303 


3445 


2588 


2731 


143 


304 


2874 


3016 


3159 


3302 


3445 


3,587 


3730 


3872 


4015 


4157 


143 


305 


4300 


4442 


4585 


4727 


4869 


50 n 


5153 


5295 


5437 


6579 


142 


Mm 


5721 


5863 


6006 


6147 


6389 


6430 


6572 


6714 


6855 


6997 


142 


mi 


7138 


7380 


7421 


7563 


7704 


7S45 


7986 


8127 


8269 


8410 


141 


:ms 


B551 


8092 


8833 8974 


9114 


9255 


9396 


9537 


9677 


9818 


141 


nio 


9958 


.,99 


.239 .380 


,520 
1922 


,661 
2062 


.801 
2201 


.941 
2341 


1081 
3481 


1222 
2621 


140 
140 


491362 


1502 


1643: 1783 


311 


2760 


3900 


3940 


3179 


3319 


3458 


3597 


3737 


3876 


4015 


139 


m2 


4155 


4394 


4433 


4572 


4711 


4850 


4989 


5128 


6267 


5406 


139 


313 


' 5544 


5683 


5822 


5960 


6099 


6338 


6376 


6515 


6653 


6791 


139 


314 


6930 


7068 


7206 


7344 


7483 


7621 


7759 


7897 


8035 


8173 


138 


3ir> 


8311 


8448 


8586 8724 


8861: 


8999 


0137 


9275 


9412 


9550 


138 


316 


9687 


9834 


9962 


,,99 


,236 


.374 


,511 


.648 


.785 


.922 


137 


317 


501059 


1190 


1333 


1470 


1607 


1744 


1880 


2017 


2154 


2291 


137 


318 


3427 


3564 


2700 


2837 


2973 


3109 


3346 


3383 


3518 


3655 


136 


319 


3791 


3927 


4063 


4199 


4335 


4471 


4607 


4743 


4878 


5014 


136 


320 


605150 


5286 


5431 


5557 


5693 


5828 


5964 


6990 


6334 


6370 


136 


331 


6505 


6640 


6776 


6911 


7046 


7181 


7316 


7451 


7586 


7721 


135 


322 


7856 


7991 


8126 


8260 


8395 


8530 


8664 


8790 


8934 


9068 


136 


333 


9203 


9337 


9471 


9606 


9740 


9874 


...9 


.143 


.377 


.411 


134 


324 


510345 


0679 


0813 


0947 


1081 


1315 


1349 


1483 


1616 


1750 


134 


325 


1883 


2017 


2151 


*^284 


3418 


2551 


3684 


2818 


2951 


3084 


133 


32B 


3218 


3351 


3484 


3617 


3750 


3883 


4016 


4149 


4282 


4414 


133 


3:i7 


4548 


4681 


4813 


4946 


5079 


5211 


5344 


5476 


5609 


6741 


133 


329 


5874 


6006 


6139 


6271 


6403 


6535 


6668 


6800 


0932 


7064 


132 


329 


7196 


7328 


7460 


7592 


7724 


7855 


7987 


8119 


8251 


8383 


133 


^30 


618514 


8646 


8777 


8909 


m%o 


9171 


9303 


9434 


9566 


9697 


131 


331 


9828 


9959 


..90 


.221 


.353 


.484 


.616, 


.746 


,876 


100? 


13! 


332 


531138 


1269 


1400 


1530 


1661. 


1792 


1022 


2063 


S183 


2314 


131 


333 


2444 


2575 


2705 


2835 


2966 


3096 


3226 


3356 


3486 


3616 


130 


334 


3746 


3876 


4006 


4136 


4266 


4396 


4536 


4656 


4785 


4915 


lao 


335 


5045 


5174 


5304 


5W4 


5563 


5693 


5822 


5951 


6091 


6210 


129 


336 


6339 


6469 


6598 


6727 


6856 


6985 


7114 


7243 


7372 


7601 


129 


33/ 


7630 


7759 


7888 


8016 


8145 


8274 


8402 


8531 


8660 


8788 


129 


338 


8917 


9045 


9174 


9302 


9430 


0559 


9687 


9815 


9943 


..72 


12s 


^i39 


53U200 0328 


0't56 


0584 


0712 


0840 


09681 1096 


1223 


Pfil 


128 


"nT 


n 1 1 1 2 1 3 1 4 1 5 6 ! 7 1 8 [ 9 1 D. 1 






A 


TABLE OF LOtfARlTBMS FXOM 1 TO 10,000 






N. 1 1 1 1 2 1 3 1 4 1 5 1 6 


7 1 8 


9 


D. 


340 
341 
342 
343 
3^14 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
3G4 
365 
366 
367 
388 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
3<>8 
399 


531479 
2754 
4026 
5294 
6558 
7819 
9076 

540329 
1679 
2825 


1607 
2882 
4153 
5421 
6685 
7945 
9202 
0466 
1704 
2950 


1734 
3009 
4280 
5547 
6811 
8071 
9327 
0580 
1829 
3074 
4316 
6556 
6789 
8021 
9249 
0473 
1694 
2911 
4126 
5336 


1862 
3136 
4407 
6674 
6937 
8197 
9452 
0705 
1953 
3199 
4440 
5678 
6913 
8144 
9371 
0595 
1816 
3033 
4247 
6467 
6664 
7868 
9068 
.266 
1459 
2660 
3837 
6021 
6202 
7379 
8554 
9726 
0893 
2058 
3220 
4379 
6534 
6687 
7836 
8983 


1990 
3264 
4534 
6800 
7063 
8322 
9678 
0830 
2078 
3323 
4664 
6802 
7036 
8267 
9494 
0717 
1938 
3155 
4368 
6678 
6786 
7988 
9188 
.385 
1678 
2769 
3965 
5139 
6320 
7497 
8671 
9842 
1010 
2174 
3336 
4494 
5650 
6802 
7951 
9097 


2117 
3391 
4661 
5927 
7189 
8448 
9703 
0955 
2203 
3447 
4688 
6926 
7169 
8389 
9616 
0840 
2060 
3276 
4489 
5699 
6905 
8108 
9308 
.604 
1698 
2887 
4074 
5257 
6437 
7614 


2245 
3518 
4787 
6053 
7315 
8574 
9829 
1080 
2327 
3571 


2372 
3645 
4914 
6180 
7441 
8699 
9954 
1205 
2462 
3696 


2500 
3772 
5041 
6306 
7667 
8825 
..79 
1330 
2676 

38sro 

6060 
6296 
7629 
8768 
9984 
1206 
2425 
3640 
4862 
6061 


2627 
3899 
6167 
6432 
7693 
8951 
.204 
14.54 
2701 
3944 


128 
127 
127 
126 
126 
126 
126 
125 
125 
124 


544068 
5307 
6543 
7776 
9003 

550228 
1450 
2668 
3883 
5094 


4192 
5431 
6666 
7898 
9126 
0351 
1572 
2790 
4004 
5215 


4812 
6049 
7282 
8612 
9739 
0962 
2181 
3398 
4610 
5820 
7026 
8228 
9428 
.624 
1817 
3006 
4192 
5376 
6556 
7732 


4936 
6172 
7406 
8635 
9861 
1084 
2303 
3519 
4731 
6940 


6183 
6419 
7662 
8881 
.106 
1328 
2647 
3762 
4973 
6182 
7387 
8589 
9787 
.982 
2174 
3362 
4548 
5730 
6909 
8084 


124 
124 
123 
123 
123 
122 
122 
121 
121 
121 
120 
120 
120 
119 
119 
119 
119 
118 
118 
118 

117 
117 
117 
116 
116 
116 
116 
116 
115 
114 
114 
114 
114 
113 
113 
113 
112 
112 
112 
112 

HI 
HI 
111 
110 
110 
110 
110 
109 
109 
109 


556303 
7507 
8709 
9907 

561101 
2293 
3481 
4666 
5848 
7026 

568202 
9374 

670543 
1709 
2872 
4031 
6188 
6341 
7492 
8639 


6423 
7627 
8829 
..26 
1221 
2412 
3600 
4784 
5966 
7144 
8319 
9491 
0660 
1825 
2988 
4147 
5303 
6457 
7607 
8754 
9898 
1039 
2177 
3312 
4444 
5574 
6700 
7823 
8944 
..61 


6544 
7748 
8948 
.146 
1340 
2531 
3718 
4903 
6084 
7262 
8436 
9608 
0776 
1942 
3104 
4263 
5419 
6672 
7722 
8868 


7146 
8349 
9548 
.743 
1936 
3126 
4311 
6494 
6673 
7849 


7267 
8469 
9667 
.863 
2055 
3244 
4429 
5612 
6791 
7967 


8788 
9959 
1126 
2291 
3452 
4610 
6765 
6917 
8066 
9212 


8905 
..76 
1243 
2407 
3568 
4726 
5880 
7032 
8181 
9326 
.469 
1608 
2745 
3879 
5009 
61.37 
7262 
8384 
9503 
.619 


902.^ 
.19-0 
1359 
2523 
3684 
4841 
6996 
7147 
8295 
9441 


9140 
.309 
1476 
2639 
3800 
4957 
6111 
7262 
8410 
9556 


9267 
.426 
1592 
2765 
3916 
6072 
6226 
7377 
8525 
9669 
.811 
1950 
3085 
4218 
5348 
6476 
7699 
8720 
9838 
.953 


579784 
580925 
2063 
3199 
4331 
5461 
6587 
7711 
8832 
9950 


..12 
1153 
2291 
3426 
4557 
5686 
6812 
7935 
9056 
.173 


.126 
1267 
2404 
3639 
4670 
6799 
6925 
8047 
9167 
.284 
1399 
2510 
3618 
4724 
.5827 
6927 
8024 
9119 
.210 
1299 


.241 
1381 
2618 
3652 
4783 
5912 
7037 
8160 
9279 
.396 
1510 
2621 
3729 
4834 
5937 
7037 
8134 
9228 
.319 
1408 


.366 
1496 
2631 
3765 
4896 
6024 
7149 
8272 
9391 
.507 


.683 
1722 
2858 
3992 
6122 
6250 
7374 
8496 
9615 
.730 

1843 
2954 
4061 
5165 
626. 
7366 
8462 
9556 
.646 
1734 


.697 
1836 
2972 
4105 
5235 
6362 
7486 
8608 
9726 
.842 


691065 
2177 
3286 
4393 
5496 
6597 
7695 
8791 
9883 

600973 


1176 
2288 
3397 
4503 
5606 
6707 
7805 
8900 
9992 
1082 


1287 
2399 
3508 
4614 
5717 
6817 
7914 
9009 
.101 
1191 


1G21 
2732 
3840 
4945 
6047 
7146 
8243 
9337 
.428 
1517 


1732 
2843 
3950 
5055 
6167 
7256 
8353 
9446 
.537 
1625 


1955 
3064 
4171 
5276 
6377 
7476 
8572 
9665 
.755 
1843 


2066 
3175 
4282 
5386 
6487 
7586 
8681 
9774 
.864 
lyi>l 


N. 1 1 1 1 2 


3 1 4 1 5 i 6 1 7 1 8 1 9 1 n. 1 





A TABLE OP LOGARITHMLS FKOM I TO 10,000. 




7 


N. 


1 |l|2|3|4|5|6 


7 ! 8 


1 9 ID 1 


400 


602060 


2169 


2277 


2386, 2494, 26031 


2711 


2819 


2928 


3036; 108 i 


401 


3144 


3253 


3361 


3469 


3577 


3686 


3794 


3902 


4010 


4118 


108 


1U2 


4226 


4334 


4442 


4550 


4658 


4766 


4874 


4982 


5089 


6197 


108 


W3 


5305 


5413 


5521 


5628 


5736 


5844 


6951 


6059 


6166 


6274 


lOH 


404 


6381 


6489 


6596 


6704 


6811 


6919 


7026 


7133 


7241 


7348 


107 


405 


7455 


7562 


7669 


7777 


7884 


7991 


8098 


8205 


8312 


8419 


107 


406 


8526 


8633 


8740 


8847 


8954 


9061 


9167 


9274 


9381 


9488 


107 


407 


9594' 9701 


9808 


9914 


..21 


.128 


.2.34 


.341 


.447 


.664 


107 


408 


610660 


0767 


0873 


0979 


1086 


1192 


1298 


1405 


1611 


1617 


106 


109 
410 


1723 


1829 
2890 


1936 
2996 


2042 
3102 


2148 
3207 


2254 
3313 


2360 
3419 


2466 
3525 


2672 
3630 


2678 
3736 


106 
106 


612784 


411 


3842 


3947 


4053 


4159 


4264 


4370 


4475 


4.581 


4686 


4792 


106 


412 


4897 


6003 


5108 


5213 


5319 


6424 


5529 


5634 


5740 


6845 


106 


413 


5950 


6055 


6160 


6265 


6370 


6476 


6581 


6686 


6790 


6895 


105 


414 


7000 


7105 


7210 


7315 


7420 


7525 


7629 


7734 


7839 


7943 


106 


415 


8048 


8153 


8257 


8362 


8466 


8671 


8676 


8780 


8884 


8989 


105 


416 


9093 


9198 


9302 


9406 


9511 


9616 


9719 


9824 


9928 


..32 


104 


417 


620136 


0240 


0344 


0448 


0562 


0666 


0760 


0864 


0968 


1072 


104 


418 


1176 


1280 


1384 


1488 


1592 


1696 


1799 


1903 


2007 


2110 


104 


419 

420 


2214 


2318 


2421 
3456 


2525 
3559 


2628 
3663 


2732 


2835 
3869 


2939 
3973 


3042 
4076 


3146 


104 

Tol 


623249 


3353 


3766 


4179 


421 


4282 


4385 


4488 


4591 


4695 


4798 


4901 


6004 


610716210 


103 


422 


5312 


5415 


6518 


5621 


6724 


5827 


5929 6032 


61.35 6238 


103 


423 


6340 


6443 


6546 


6648 


6751 


6853 


6956 


70581 7161 


7263 


103 


424 


7366 


7468 


7571 


7673 


7776 


7878 


7980 


808218185 


8287 


102 


425 


8389 


8491 


8593 


8695 


8797 


8900 


9002 


9104 9206 


9308 


102 


426 


9410 


9512 


9613 


9715 


9817 


9919 


..21 


.123; .224 


.326 


102 


427 


630428 


0530 


0631 


0733 


0835 


0936 


1038 


1139 


1241 


1342 


102 


428 


1444 


1545 


1647 


1748 


1849 


1951 


2052 


2153 


2255 


2356 


101 


4i".9 
4S0 


2457 2559 
633408 J569 


2660 
3670 


2761 
3771 


2862 
3872 


2963 


3064 
4074 


3 165 
4175 


3266 
4276 


3367 


101 
100 


3973 


4376 


431 


4477 


4578 


4679 


4779 


4880 


4981 


5081 


6182 


6283 


5383 


100 


432 


5484 


5584 


6686 


6785 


5886 


6986 


6087 


6187 


6287 


6388 


100 


433 


6488 


6588 


6688 


6789 


6889 


6989 


7089 


7189 


7290 


7390 


100 


434 


7490 


7590 


7690 


7790 


7890 


7990 


8090 


8190 


8290 


8389 


99 


435 


8489 


8589 


8689 


8789 


8888 


8988 


9088 


918d 


9287 


9387 


99 


436 


9486 


9586 


9686 


9785 


9885 


9984 


..84 


.183 


.283 


.382 


99 


437 


640481 


0581 


0680 


0779 


0879 


0978 


1077 


1177 


1276 


1376 


99 


438 


1474 


1573 


1672 


1771 


1871 


1970 


2069 


2168 


2267 


2366 


99 


439 
440 


2465 


2563 
3551 


2662 
3650 


2761 
3749 


2860 


2969 


3058 


3156 


3255 
4242 


3364 


99 
98 


643453 


3847 


3946 


4044 


4143 


4340 


441 


4439 


4537 


4636 


4734 


4832 


4931 


5029 


5127 


5226 


5324 


98 


442 


6422 


5521 


5619 


6717 


6815 


6913 


6011 


6110 


6208 


6306 


98 


443 


6404 


6502 


6600 


6698 


6796 


6894 


6992 


7089 


7187 


7285 


98 


444 


7383 


7481 


7579 


7676 


7774 


7872 


7969 


8067 


8165 


8262 


98 


445 


8360 


8458 


8655 


8053 


8750 


8848 


8945 


9043 


9140 


9237 


97 


446 


9335 


9432 


9530 


9027 


9724 


9821 


9919 


..16 


.113 


.210 


97 


447 


650308 


0405 


0502 


0599 


0696 


0793 


0890 


0987 


1084 


1181 


97 


449 


1278 


1376 


1472 


1669 


1666 


1762 


1859 


1966 


2053 


2160 


97 


449 
450 


2246 


2343 
3309 


2440 
3405 


2536 


2633 
3598 


2730 
3695 


2826 
3791 


2923 

3888 


3019 


3116 


97 


653213 


3502 


3984 


4080 


96 


451 


4177 


4273 


4369 


4465 


4662 


4658 


4764 


4850 


4946 


6042 


96 


452 


5138 


5235 


5331 


5427 


5523 


5619 


5716 


5810 


5906 


60021 96 1 


453 


6098 


6194 


6200' 6386 


6482 


6577 


6673 


6769 


6864 


6960 


96 


454 


7050 


7152 


7247 1 7343 


7438 


7534! 7629 


7725 


7820 


7916 


96 


455 


8011 


8107 


8202' 8298 


8393 


8488 


8584 


8679 


8774 


8870 


95 


456 


8965 


9060 


915519250 


9346 


9441 


9536 


0631 


97261 9821 


96 


457 


0916 


..n 


.1061 .201 


.296 


.391 


.486 


.581 


.6761 .771 


95 


458 


6808651 0960 


1055I1150 


1245 


1339 


1434 


1529! 1623 1718 


95 


459 


IS13I 1907' 2002! 2096 


2191 


228(. 


2380 


2475 2569 2663' 951 


nT" 
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1 3 t t I 5 ! 6 I 7 I 8 i fJ I I). 



4(iO 
461 
4*i2 
463 
+fi4 
i6fi 
466 
4fi7 
4fi8 
4^ 
470 
471 
473 
473 
474 
475 
476 
477 
47d 
47a 
4et> 
4*jl 
4>^2 
4H3 
4^4 
4^5 
4^3 
487 
488 
489 

4!>I 
, 41)2 

Am 

494 
495 
49fl 
HJ7 
498 
499 
505 
501 
502 
503 
504 
505 
5t»6 
307 
508 

516 

511 
51S 
5 13 
:>14 
5!6 
5 16 
5i7 
518 
519 



6fia75a 


3833 


3701 


3795 


4642 


4736 


55^1 


5675 


65 IS 


6613 


7453 


7546 


8380 


8479 


9317 


9410 


070246 


6339 


1173 


1U65 


072098 


3190 


ii02L 


3113 


3942 


4034 


4801 


4953 


6778 


5870 


6094 


6785 


7607 


7698 


6518 


8609 


9428 


9519 


680^J36 


0436 


68L241 


1332 


2145 


2235 


3047 


3137 


3947 


4037 


4H45 


4935 


5743 


5H31 


6630 


6726 


7529 


7618 


8420 


B509 


9309 


9398 


690196 


03K5 


1081 


1170 


1965 


3(^53 


2847 


2935 


3737 


3815 


4605 


4693 


5482 


5569 


0356 


6444 


7S2S 


7317 


8101 


8188 


698970 


9057 


9(=I38 


9934 


700704 


0790 


1508 


1654 


2431 


2517 


3291 


3377 


4151 


4235 


5008 


5094 


6664 


5949 


6711^ 


6803 
7H55 


707570 


8421 


8606 


9270 


9355 


710117 


020a 


0963 


1048 


1&07 


1803 


2650 


2734 


3491 


3575 


4330 


4414 


5107 


525! 



39471 
3H89 
4830 
5769[ 
0705 
7640 
8572 
9503 
0431 
1358 



2283 
3205 
4 J 20 
6045 
596a 
6876 
7789 
87(10 
9610 
0517 



143S 
2336 
3337 
4137 
5025 
5921 
6815 
7707 
8 598 
9486 
0373 
1358[ 
31431 
3033 i 
39U31 
4781 
5657 
6531 
7404 
8275 



3041 
3983 
49^ 
5802 
6799 
7733 
8665 
959B 
0534 
1451 



3L35 
40V8 
50 L8 
5956 
6892 



3330 
4173 
5112 
6050 
6986 



7826 , 7B20 
875 IT 8852 
9689; 978 
0617: 0710 
1543, 1636 



9791 
0698 



9144 
..11 
0877 
1741 
2603 
3463 
4333 
5179 
6035 
68 8B 



2375 
3397 
4218 
5137 
6053 
0968 
7881 
8791 
97(10 
0607 

1513 

2416 

3317 

4317 

5114 

6U10 

6904 

7796 

8687 

9575 

U4(ia 0550 

1347 1435 

323012318 

311 1 3199 

399114078 

4868 49.''*6 



^1 
S467, 3560 
3390: 3483 



4310,440 

.533i:^l5320 

6145 6336 

7059' 7151 

7972 8063 

8973 

9&SS 

0789 

Til 93 

3497 
4396 
5394 
0t89 
7083 



5744 
0618 
7491 
8363 



7740 
8591 
944U 
0287 
1133 
1976 
2818 
3650 
4497 
5335 



9231 
..98 
0963 
1827 
3689 
3549 
4408 
5265 
6120 
6974 



1603 

2506 

3407 

4307 

5204 

6]0I} 

6994 

7886:7975 

8776 8865 

9664! 9753 
0639 
1524 
3406 
3387i 
41661 
50^H 
.5919 
6793 
7665 
8535 



3324 
4^66 
5300 
6143 
71^79 
8013 
8945 
9875 
0803 
1738 



5833 
0706 
7578 
8449 



931719404 
.184' ,271 
1050' 1136 
1913; 1999 



7836 

8676 

9534 

0371 

1317 

3060 

3W03 2980 

374^^ 3826 

458i|4n65 

54181 5502 



2775 
3635 
4494 
5350 
6206 
7059 
7911 
8761 
96U9 
0456 
1301 
2144 



3H61 
3721 
4579 
5435 
6291 
714 4 
7996 
8840 
9694 
054{^ 
1385 
''^3^9 
3070 
3910 
4749 
SftSO 



2652 
3574 
4494 
5413 
6338 
7343 
815-1 
9064 
9973 
0879 
"17^4 
36n0 
3587 
4486 
5383 
6279 
7172 
8064 
8953 
984^ 
0738 
1612| 
24941 
33751 
4354 
5131 
6007 
6880 
7753 
8032 



34181 
4360 
5399 
6237 
7173 
8100 
9038 
9967 
0895 
1821 



2744 
3066 
4586 
6503 
6419 
7:i33 
8345 
9155 
,.63 
0970 



3513 
4454 
5393 
0331 
7266 
8199 
9131 
,<flO 

omB 

1913 



28 30 
3758 
4677 
6595 
6511 
7424 
8336 
9246 
,154 
lOOO 



1874 
2777 
3677 
4576 
5473 J 
6368. 
730 1 
8! 53 
9042 
9930 



1964 
2867 
3767 
4066 
5503 



3607. 
4548 

54871 
6424 
73fi0' 
82 93 
9334 
, I53i 
1D80| 
20051 

3939! 
3850 
4769 
6687 
6602 
7510 
8427 
9337 
.245 
U51 
2055 
2957 
3857 
4756 
6652 



9491 
.358 
1322 
3086 
2947 
3807 
4665 
5522 
6376 
7229 



8081 
8931 
9779 
0625 
1470 
2313 
31.54 
3994 
4833 
,5669 



08161 
1700| 
35831 
3463 
4.342;' 
5319. 
6094 
6908i 
78;J9i 
8709, 



64581 6547 
7351(7440 
8342 8331 
9131 9220 
..19 | .Jj>7 
(19051 0993 



17N9 
3671 
3551 
4430 
5307 
C1S3 
7056 
7926 
8796 



95781 9664 
.4441 .531 



1309 
2172 
3033 
3895 
4751 



1395 
2258 
3119 
3979 
4837 



5607f 56^3 
6462; 6547 
7315; 7400 
8166 8251 



9015 
9863 
0710 
I5.'i4 
339? 
3338 
4078 



9100 
9948 
0794 
1639 
3481 
3323 
4162 



1877 
2759 
3639 
4517 
6394 
6369 
7142 
8014 
8^3 
9751 
.617 
1482 
2344 
3206 
4065 
4922 
5778 
6632 
7485 



E 3 I 4 I 



I H I 7 



4910^ 5(»U0 
5753' 5836 



8330 
9185 
..33 
0879 
1723 
2.'"i60 
3407 
4240 
5084 
5920 



94 
94 
94 
94 
94' 
93 
93 
93 
93 
_93 
93 
93 
92 
92 
92 
91 
9t 
91' 
91 
91 

90 ' 

90 

90 

90 

89 

89 

89 

89 

89 

89 

BB 

88 

SB 

88 

88 

87; 

87 

87 

87 

87 

87 

86 

^6 

86 

86 

86 

86 

85 

85 

85 

85 

B5 

85 

84 

84' 

84 

84 

84 

84 
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620 

521 

522 

523 

524 

525 

526 

527 

528 

529 

530 

531 

532 

533 

634 

635 

536 

537 

538 

639 

540 

541 

642 

643 

644 

645 

546 

647 

548 

649 

566 

551 

662 

653 

564 

565 

666 

667 

568 

659 

660 

561 

662 

663 

664 

565 

666 

667 

668 

669 

670 

671 

672 

573 

674 

575 

576 

577 

578 

679 


716003 
6838 
7671 
8602 
9331 

720169 
0986 
1811 
2634 
3466 


6087 
6921 
7754 
8685 
9414 
0242 
1068 
1893 
2716 
3538 
4358 
5176 
5993 
6809 
7623 
8436 
9246 
..55 
0863 
1C69 


6170 
7004 
7837 
8668 
9497 
0325 
1151 
1975 
2798 
3620 


6264 
7088 
7920 
8751 
9680 
0407 
1233 
2058 
2881 
3702 


6337 
7171 
8003 
8^34 
9663 
0490 
1316 
2140 
2963 
3784 
4604 
5422 
6238 
7053 
7866 
8678 
9489 
.298 
1106 
1911 
2716 
3518 
4320 
6120 
5918 
6715 
7611 
8306 
9097 
9889 
0078 
1467 
2264 
3039 
.3823 
4606 
6387 
6167 
6945 
7722 
8498 
9272 
..45 
0817 
1687 
2366 
3123 
3889 
4654 
5417 


6421 
7254 
8086 
8917 
9746 
0673 
1398 
2222 
3046 
3866 


6504 
7338 
8169 
9000 
9828 
0655 
1481 
2306 
3127 
3948 


6688 
7421 
8253 
9083 
9911 
0738 
1563 
2387 
3209 
4030 


6671 
7504 
8336 
9165 
9994 
0821 
1646 
2469 
3291 
4112 


6754 
7687 
8419 
9248 
..77 
0903 
1728 
2562 
3374 
4194 


83 
83 
83 
83 
83 
83 
82 
82 
82 
82 


724276 
6095 
5912 
6727 
7641 
8354 
9165 
9974 

730782 
1689 


4440 
5268 
6076 
6890 
7704 
8516 
9327 
.136 
0944 
1750 
2566 
3358 
4160 
4960 
5759 

73S^i 
814H 
8939 
9731 
06lil 

\^m 

20yfi 

3fiG7 
444S 
6ti31 
6011 
6790 
7607 

yiis 
fleoi 
ocfia 
14:^3 

2202 
2&70 
3730 
4S01 
5266 
6027 
GTSS 

7ni>i 

90(53 

9819 
0fi73 

2^:;i9 


4522 
5340 
6166 
6972 
7785 
8597 
9408 
.217 
1024 
1830 
2635 
3438 
4240 
5040 
5838 

7 131 

9U 18 
9^10 

on JO 
13H8 

SI75 

3^+f;i 

3745 
4fiJ8 
6309 
6089 
68(58 
7015 
Hi^-Jl 

uiy5 

9(jr)8 
0710 
1510 
2279 
3f^i7 
3813 
4578 
6311 
6103 
S8t>4 
7<VJ4 
,^382 

sn39 

1*894 
0B49 
1402 
iil53 

t;y()4' 


4686 
6503 
6320 
7134 
7948 
8759 
9670 
.378 
1186 
1991 
2796 
3698 
4400 
5200 
5998 
6796 
7590 
8384 
9177 
9968 
0757 
1646 
2332 
3118 
3902 
4684 
6466 
6246 
7023 
7800 
8576 
9360 
.123 
0894 
1664 
2433 
3200 
3966 
4730 
6494 


4767 
5586 
6401 
7216 
8029 
8841 
9661 
.459 
1266 
2072 
2876 
3679 
4480 
6279 
6078 
6874 
7670 
8463 
9256 
..47 
0836 
1624 
2411 
3196 
3980 
4762 
5643 
6323 
7101 
7878 


4849 
5667 
6483 
7297 
8110 
8922 
9732 
•540 
1347 
2162 
2966 
3759 
4560 
5359 
6167 
6954 
7749 
8543 
9336 
.126 
0915 
1703 
2489 
3276 
4068 
4840 
5621 
6401 
7179 
7955 


4931 
6748 
6564 
7379 
8191 
9003 
9813 
.621 
1428 
2233 
3037 
3839 
4640 
5439 
6237 
7034 
7829 
8622 
9414 
.205 
0994 
1782 
2668 
3353 
4136 
4919 
5699 
6479 
7256 
8083 
8808 
9682 
.364 
1126 
1895 
2663 
8430 
4195 
4960 
5722 
6484 
7244 
8003 
8761 
9517 
.272 
1025 
1778 
2529 
3278 


6013 
5830 
6646 
7460 
8273 
9084 
9893 
.702 
1508 
2313 


82 
82 
82 
81 
81 
81 
81 
81 
81 
81 


732394 
3197 
3999 
4800 
5699 
6397 
7193 
7987 
87S1 
96Y2 


2474 
3278 
4079 
4880 
5679 
6476 
7272 
8067 
8860 
9661 

0442 
1230 
2018 
2804 
3588 
4371 
5153 
5933 
6712 
7489 
8266 
9040 
9814 
0586 
1366 
2125 
2893 
3660 
4425 
5189 
5951 
6712 
7472 
8230 
8988 
9743 
0498 
1251 
2003 
2754 


3117 
3919 
4720 
5519 
6317 
7113 
7908 
8701 
9493 
.284 


80 
80 
80 
80 
80 
80 
79 
79 
79 
79 


740363 
1152 
1939 
2726 
3610 
4293 
5075 
5855 
6634 
7412 


1073 
1860 
2646 
3431 
4215 
4997 
5777 
6656 
7334 
8110 
8885 
9659 
.431 
1202 
1972 
2740 
3606 
4272 
5086 
5799 


79 
79 
79 
78 
78 
78 
78 
78 
78 
78 
77 
77 
77 
77 
77 
7? 
77 
77 
76 
76 


748188 
8963 
9736 

750608 
1279 
2048 
2816 
3583 
4348 
5112 


8663 
9427 
.200 
0971 
1741 
2509 
3277 
4042 
4807 
5670 
6332 
7092 
7851 
8609 
9366 
.121 
0875 
1627 
2378 
3128 


8731 
9604 
.277 
1048 
1818 
2686 
3363 
4119 
4883 
5646 
6408 
7168 
7927 
8685 
9441 
.196 
0950 
1702 
2463 
3203 


765875 
6636 
7396 
8155 
8912 
9668 

760422 
1176 
1928 
2679 


6180 
6940 
7700 
8468 
9214 
9970 
0724 
1477 
2228 


6266 
7016 
7775 
8633 
9290 
..45 
0799 
1652 
2303 
3063 


6560 
7320 
8079 
8836 
9692 
.347 
1101 
1863 
2604 
3353 


76 
76 
76 
76 
76 
75 
76 
76 
76 
76 
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, U 1 1 i 2 I 3 1 4 1 ft I 6 1 7 I >« 1 5) 1 D. 




h6il 


7*i3428, 3na3i 3578 :105J 37:17, 3^ Ua. 3^77 


r 395^ 


1 ^^j'^-; 


i inu 


75 




^6i 


41 70 


U25I 


4326 


1 4400 


4475 455014624 


4699 


:'i7vi 


484a 


76 




5«'-i 


4yaa 


4998 


6073 


5147 


5221 529e 


5376 


h5445 


[ 5530 


5594 


75 




n^;j 


56tiy 


5743 


6819 


5892 


5966 6041, 611ft 


6194 


6264 


6338 


74 




584 


64 L3 


64H7 


6663 


6636 


6710 6795, fiSfty 


6933 


7007 


litm 


74 




5.^ij 


7156 


7230 


7304 


1 7379 


7453 


17527 7601 


7675 


7749 


7823 


74 




ftStj 


78J8 


! 7972 


8046 


'9120 


,'9194 


, 8268 9342 


i94l6 


1 9490 


9564 


74 




hS7 


B638 


18712 


8786 


9860 


8934 


9008 9082 


J9156 


1 9330 
9968 


9303 


74 




^m 


9377 


19451 


9535 


1 9599 


9673 


974619820 


'9994 


-.42 


74 




5^9 


770115 


|0189 


0363 


0336 


0419 


0484 


0557 


0631 


0?05 


0778 


74 




iil*l> 


770852 


10926 


0999 


1073 


1146 


1230: 1293 


1367 


1440 


1514 


Jl 




591 


1687 


; 100! 


1734 


1 1809 


[881 


1955, 2028 


2163 


2175 


3248 


73 




5^2 


2322 


^395 


2468 


2542 


3615 


2689; 2762 


2835 


2908 


2981 


73 




5y3 


3055 


3129 


3201 


3274 


3348 


3431 


3494 


3567 


3610 


3713 


73 




SJi-l 


3786 


3860 


3933 


4006 


4I>79 


4162 


4325 


.4298 


4371 


4444 


73 




r>y5 


4517 


4590 


4663 


! 4736 


4809 


4883 


4955 


5028 


5100 


5173 


73 




Aya 


52Ki 


5319 


5393 


16465 


6538 


5610 


5683 


5756 


'5829 


5902 


73 




OUT 


5974 


6047 


6120 


|6193 


6265 


6338 


6411 


64R3 


6556 


6629 


73 




5da 


6701 


6774 


6946 


,6919 


6992 


7064 


' 7137 


7309 


7292 


7354 


73 




599 


7437 


7499 


7572 


. 7644 


7717 


7789 


7962 


7934 


8066 


8079 


73 




fiOO 


778151 


8224 


8296 


8369 


8441 


9313 


1 9585 


8659 


8730 


8802 


'72 




601 
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2411 


2468 


67 


76:? 


!i5S5 


2581 


2638 


2595 


2752 


2809 2866 


2923 


2980 


3037 


57 


764 


309a 


3150 


3207 


3264 


3321 


3377 3434 


349 i 


3.H8 


3605 


57 


Tfiri 


30fil 


3718 


3775 


3832 


3888 


3945 4002 


4059 


4116 


4173 


67 


7fi6 


4229 


4286 


4342 


4390 


4455 


4512 


4560 


4625 


4682 


4739 


57 


767 


4795 


4852 


4909 


4965 


5022 


5078 


5135 


fil92 


5248 


5305 


57 


76a 


5aei 


5418 


5474 


55rM 


5587 


5644 


5700 


5757 


5813 


5870 


57 


769 
770 


mm 

886491 


5983 
6547 


0039 


6096 
6660 


6153 
671B 


6209 6265 
6773 6829 


6321 
6885 


6378 
6943 


6434 
6998 


56 
56' 


6604 


771 


7054 


7111 


7157 


7223 


7280 


7336^ 7392 


7449 


7505 


7561 


66 


77!^ 


7617 


7674 


7730 7780 


7842 


7893 7955 


BO 11 


8067 


6123 


56 


77.1 


8179 


6236 


8292 


8348 


8404 


84(30 8:1 M! 


8573 


8629 


6685 


56 


774 


8741 


8797 


8853 


8909 


8965 


9iS21,9077 


9134 


9190 


9246 


56 


775 


9302 


9358 


9414 


9470 


9526 


9582 9638 


9694 


9750 


9806 


56 


77fi 


9862 


9918 


9974 


,,30 


..86 


.141, .197 


.253 


.309 


.365 


56; 


777 


890421 


0477 


0533 


0589 


0645 


0700 0756 


0812 


0868 


0924 


56 


T78 


0980 


1035 


1091 


1147 
1705 


1203 


1259 


1314 


1370 


1426 


1482 


66 


779 


!5il7 
892095 


1593 
2150 


1G49 


1760 
2317 


1816 
2373 


1872 
3429 


1928 
2484 


1983 
£540 


2039 
2595 


66 
56 


2*i00 2262 


1B\ 


2651 


2707 


2762 


2818 


3873 


3929 


3985 


31M0 


3{»g6 


3151 


56 


,7^2 


3207 


3262 


3318 


3373 


3429 


3484 


3540 


3595; 5651 


3706 


56 I 


7S3 


3702 


3817 


3873 


3928 


3984 


4039 


4^)94 


4150 4205 


4261 


66: 


784 


4316 


4371 


4427 


4482 


4538 


4593 


4648 


4794 


47.'i9 


4814 


56 1 


765 


4870 


4925 


4980 


5036 


5091 


5146 


5201 


5257 


5312 


5367 


65' 


766 


5433 


5478 5533 


5588 


5644 


5699 


5754 


5809 


5864 


5920 


55 


737 


6975 


6030 


6085 


6140 


6195 


6251 


6306 


6361 


6416 


6471 


55 


788 


6526 


6581 


6636 


6092 


6747 


6892 


6857 


6912 


696? 


7022 


55 


78fl 
790 


7077 


7132 


7187 
7737 


7242 
7792 


7297 
7847 


7352 
7902 


7407 
7957 


7462 


7517 


7572 
8122 


55 

55 


897627 


7683 


8012 


8067 


7yi 


8176 


8231 


8286 


8341 


6396 


8451 


8506 


8561 


8615 


8670 


65 


792 


8725 


8780 


8835 


8890 


8944 


8999 9054 


9109 


9164 


9218 


65 


793 


9273 


9326) 9383 


9437 


0492 


9547 


9602 


9656 


9711 


9766 


55 


794 


9821 


9875 


9930 


9985 


..39 


,.94 


,149 


.203 


.258 


,312 


55 


7^5 


900^67 


0422 


O^lTD, 


0531 


0586 


0640 


0695 


0749 


0804 


0859 


65 


790 


0913 


0968 


1022 


1077 


1131 


1186 


1240 


1205 


1349 


1404 


65 


1B7 


1458 


1513 


1567 


1622 


1676 


1731 


1785 


1840 


1894 


1948 


64 


708 


2003 


3057 


2112 


2166 


2221 


227512329 


2384 


2438 


2492 


54 


799 

eoo 


2547 


2H01 
3144 


2655 
3199 


27L0 


2764 
3307 


281812873 


2927 
3470 


2981 
3524 


3036 
3578 


64 
54 


903090 


3253 


3361 


3416 


mi 


3633 


3687 


3741 


3795 


3849 


3904 


3958 


4012 


4066 


4120 


54 


SU3 


4174 


4229 


4283 


4^37 


4391 


4445 


4499 


4553 


4607 


4661 


54 


mm 


4716 


4770 


4824 


4878 


4932 


4986 


5040 


5094 


5148 


5202 


54 


804 


6a£6 


5310 


5364 


5418 


5472 


5526 


5580 


,5634 


,5688 


5743 


54 


805 


5796 


5850 


5904 


5958 


6012 


6066 


6U9 


6173 


6237 


6281 


54 


H06 


6335 


6389 


6443 


6497 


6551 


6604 


6658 


6712 


6766 


6820 


54 


807 


6874 


6927 


6981 


7035 


7089 


7143 


7196 


7250 


7304 


7358 


54 


Siki 


7411 


7465 


7519 


7573 


7626 


7680 


7734 


7787 


7841 


7895 


54 


809 
810 


7949 
908485 


8002 


8056 


8J10 
8646 


8163 
8699 


82 I 7i 8270 
8753 8807 


8334 
8860 


8378 
89 U 


8431 
8967 


54 
54 


8539 


Sbm 


811 


9021 


9074 


9128 


9181 


9235 


9289 9342 


9396 


9449 


9503 


54 


812 


9^50 


9610 


9663 


9716 


9770 


9823 9877 


9930 


9984 


..37 


53 


813 


910091 


0144 


0197 


0251 


0304 


0358 0411 


0464 


0618 


0571 


53 


HU 


0624 


0678 


0731 


0784 


0838 


0891 0944 


0998 


1051 


no4 


63 


filS 


1168 


12 1 L 


1264 


1317 


1371 


1424 1477 


1,530 


1584 


1637 


53 


836 


1690 


1743 


1797 


1850 


190;i 


1956|2D09 


2063 


2116 


3169 


53 


8L7 


2222 


2375 


2328 


2381 


2435 


2488' 2541 


2594 


2647 


2700 


53 


8t8 


27ri3 


2806 


2859 


:2913 


2966 


3019 3072 


3136 


3178 


3231 


53 


819 


3284 


3337 


3390 


3443 


3496 


354913602 


36551 3708 


3761 


53 


N. 


1* 1 1 J 3 1 3 * 4 1 5 1 e I 7 1 8 1 9 1 D. 1 
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A TABLE OV LOOARITUMS FROM 1 TO 10,000 



N. 


1 1 ! 13 1 3 I 4 1 5 1 G 1 7 1 8 1 9 1 D. 1 


HW 


913814,3867 


I 3920' 3973 4026,' 4079, 4132 41^4, 4237 


4X90. 53 I 


nny 


4313 


4396 


4449 4502 4555 


4608' 4ti00 1713 


4706 


4819 


53 


832 


487^a 


4925 


4977i503(J 5083 


5136 


5189:5211 


5294 


5317 


53 


Hr.i 


5400 


545315505 555815011 


5664 


5716 5769 


5822 


5875 


53 


A*24 


5927; 5«I8D! 0033 00^*51 6138 


6191 


6343 62SJ6 


6349 


MOl 


53 


82ii 


6454 


6fVf>7 6559 6012 6664 


6717 


6770,6822 


6875 


6927 


53 


S26 


6y80 


7033 708517138 7190 


7243 


7295 


! 7348 


7460 


7453 


53 


M27 


7506 


7558 T6I1I 76631 7716 


7768; 7820 


-7873 


7925 


7978 


52 


mu 


8030 


89«3' 8135' 8188 


8240 


8293i 834i) 


8397 


8450 


8502 


ft2 


Has 


8555 


Sfi07 
9130 


8659 


8712 


8764 
9287 


8816 
9340 


8869 8921 
9393 91'H 


8973 
9496 


9020 
9549 


52 
62 


919078 


9183 


9235 


831 


gfidi 


96531 9706 


9758 


9810 


9862 


99 M 


9967 


,,19 


.71 


62 


S32 


9S0123 


0176-0228 


0280 


0332 


0384 


0436 


0189 


0541 


0593 


53 


83,3 


0645 


0697 0749 


0801 


0853 


09O6 


0958 


IWIO 


1062 


1114 


52. 


1*34 


1186 


1218 


i370 


1322 


1374 


1126 


1478 


1330 


1582 


16,34 


52 


835 


1686 


1738 


1790 


1842 


1894| 1946 


1998 


2050 


2102 


3154 


52 


8;iij 


2206 


2258 


2310 


2362 


2^114,2460 


35:8 


2570 


2022 


2674 


52 


837 


2725 


3777 


3829 


2881 


2933 2985 3037 


3089 


3110 


3192 


52 


8^33 


3244 


3396 


3348 


3399 


3451 350313555 


3607 


3058 


S7i0: 


52 


839 


37ft3 


3814 


3865 


3917 


30691 4021 


4(J73 


4121 


4176 


4228 


52 


840 


924279 


4331 


43.^3! 4434 


44'86 4538 


4589 


'1641 


4693 


4744 


53 


?41 


4796 


4848i lf?99 


4951 


5003 5054 


5106 


5157 


5209 


5261 


52 


842 


53*2 


53G4 5415 


5467 


5518 


5570 


5621 


5673 


5725 


5776 


52 


«43 


6828 


5879 5931 


5992 


6034 


6085 


6137 


6188 


6240 


6291 


51 


844 


6342 


6394 614516497 


6548 660O 


6651 


6702 


6751 


6805 


51 


845 


6857 


6908 6959 


7011 


71305 7111 7! 65 


7216 


7268 


7319 


51 


84G 


7370 


7422 7473 


75 J 4 


7;V;B 7027 7078 


7730 


778 1 


7832 


51 


847 


7883 


7935 7986 


8U37 


80^8 H140.8I91 


SU2 


8393 


8345 


51 


848 


8396 


8447 8498 


8549 


8601 805218703 


8754 


8805 


8857 


51 


849 
850 


8908 
929419 


S953| 9010 


9061 
9572 


9112 9163 


9215 


9266 
9776 


9317 


9363 
9879 


51 
51 


9470 


9521 


9623 9674 


9725 


0827 


851 


9930 


0981 


.,33 


,.83 


.134 


.185 


,236 


.287 


,338 


.399 


51 


852 


930140 


0491 


0542 


05112 


0643 


0694 


0745 


0796 


0817 


0898 


61 


853 


0949 


1000 


1051 


1102 


1153 


1204 


1254 


1303 


1356 


1407 


51 


854 


1458 


1509 


1560 


1610 


1661 


1712 


1763 


1814 


1865 


1915 


51 


865 


1966 


2017 


2068 


2118 


3169 


2230 


2271 


3322 


2373 


3423 


51 


856 


2-174 


3524 


?fi75 


3626 


2677 


2727 


3778 


2829 


2879 


2930 


51 


857 


29B1 


3031 


3083 


3133 


3183 


3234 


3285 


3335 


3386 


3437 


51 


858 


3487 


35;^ 


3589 3639 


3090 


3740 3791 


3811 


3892 


3913 


51 


850 


3^93 


4044 


4094 


4145 


4195 


4246 i 4290 


4;H7 


4397 


4448 


61 


860 


934498 


4549 


4599 


465014700 


4751 4801 


4852| 4002 


4953 


50 


m\ 


60(J3 


5054 


5104 


515415205 


5355 5306 


5356 5406 


5457 


50 


862 


55(17 


5558 


5608 


6658 570a 


5759 


5809 


5860 


5910 


5900 


50 


863 


6011 


60(11 


6111 


6162 


6313 


6263 


6313 


6363 


61 la 


6403 


60 


rt64 


6514 


65(i4 


fitiU 


6665 


6715 


6765 


6815 


6865 


6916 


6906 


50 


,866 


7016 


70fi6 


7117 


7167 


7317 


7267 


7317 


7367 


7118 


7468 


50 


866 


7518 


7568 


7618 


7608 


7718 


776e 


7819 


mm 


79 lU 


79H9 


50 


867 


8019 


8069 


8119 


8169 


8319 


8269 


8320 


8370 


8120 


8470 


50 


H6ii 


8520 


8570 


8620 


8670 


8720 


8770 8830 


8870 


8920 


8970 


50 


8119 
870 


9020 
930519 


9070 


9120 


9170 


9320 
0719 


9270 032<J 
9769 9819 


9369 
9809 


91 [9 
9918 


9169 


50 


9569 


9619 


9669 


9968 hul 


871 


940018 


0003 


Oil 8 


0168 


0219 


0267 0317 


03B7 


0117 


0467 


50 


873 


0516 


0566 


0616 


0666 


0716 


0765 0815 


0865 


0915 


0901 


50 


873 


1014 


1064 


1U4 


1163 


1213 


1263 1313 


1362 


1412 


1463 


50 


874 


1511 


1561 


1611 


1660 


1710 


1760 J 1809 


1859 


1909 


1958 50 


876 


2008 


2058 


2107 


2157 


3207J 2256.2306 


2355 


2405 


24551 50 


876 


2504 


2554 


2n03 


2653 


2702 2752 2801 


28 'il 


2901 


2950 1 50 


877 


300O 


3049 


30r*9 


3148 


3198 


3247 3297 


3;mo 


■s.v^e, 


3145 


49 


878 


3495 


35+^1 


3593 


3643 


3692 


3743 3791 


3S41 


3S00 3939 


49 


870 


3989 


4038 4088' 4137 


4186 


423614285 


4335 


43'^4 1433 49 


~s7 


Ills 3 1 4 1 5 I 6 1 7 1 8 ■ 9 1 n. 1 





A TABLE OF LOOAKITHXS FROM I TO 10,000. 




16 


N, 


1 1) 1 L 1 3 1 a 1 4 1 5 1 fi 1 7 1 8 j 9 1 D 1 


a^u 


9444j^3 


4:>33 


4581 


4631 


4680 


4729 


4779 


4838 


4*^7714927 


49 


mi 


4976 


&035 


6074 


5134 


5173 


5332 


5373 


,6321 


6370 


6419 


49 


883 


5i6q 


r>5l8 


6567 


5616 


566A 


5715 


6764 


6813 


5862 


6912 


49 


S83 


6961 


6010 


6069 


6! 08 


6157 


6307 


6356 


6306 


6354 


6403 


49 


SS-l 


6463 


6501 


6551 


6600 


6649 


6698 


6747 


6796 


6845 


6804 


49 


ass 


6943 


6992 


7041 


7090 


7140 


7189 


7238 


7387 


7336 


7385 


49 


ti83 


74^4 


7483 


7532 


76SI 


7630 


7679 


7728 


7777 


7826 


7875 


49 


8S7 


7924 


7973 


8022 


8070 


8119 


8168 


8217 


8266 


8315 


8364 


49 


B8d 


S413 


8462 


8511 


8560 


8609 


8657 


8706 


8755 


8804 


8853 


49 


389 

Hyo 


8093 


896! 


8999 
94^8 


9048 


9097 
9585 


9146 
9634 


9196 
9683 


9244 
9731 


9292 
9780 


9341 


49 
49 


949399 


9439 


9536 


9829 


syi 


9.-^78 


9936 


9976 


.,34 


,,73 


.121 


,170 


.319 


.a67 


.316 


49 


S9'J 


950365 


0414 


9463 


0511 


0560 


0608 


0657 


O706 


0764 


0803 


49 


t*y3 


0851 


0900 


0949 


0997 


1046 


HJ96 


1143 


H93 


1240 


ia>*9 


49 


894 


I3:i8" 


13St6 


1435 


1483 


1533 


1580 


1629 


1677 


1736 


1775 


49 


3*»fi 


\H23 


1873 


1930 


1969 


2017 


3066 


2114 


3163 


2211 


3260 


48 


«9ri 


aaort 


3356 


3405 


3453 


36{>2 


2550 


2699 


3647 


2696 


2744 


48 


S97 


3792 


3841 


2889 


3939 


^-2986 


3(J34 


30H3 


3131 


3180 


3228 


48 


aas 


3276 


3325 


3373 


3421 


3470 


35 J 8 


3666 


3615 


3663 


3711 


48 




3700 
954343 


3808 
4391 


3856 
4339 


3906 
4387 


3963 
4435 


4001 


4049 
4532 


4098 
4580 


4146 
4628 


4194 


48, 
48 


4484 


4677 


9t>l 


4735 


4773 


4831 


ASm 


49J8 


4966 


5014 


5062 


5110 


5158 


481 


902 


6207 


6255 


5303 


6351 


5399 


6447 


5496 


5543 


.5692 


5640 


48 


fjua 


&688 


6736 


5784 


6832 


.^80 


6938 


6976 


6034 


6072 


6130 


48 


0O4 


6168 


6216 


6265 


6313 


6361 


6409 


6457 


6505 


6553 


6601 


48 


Wli5 


6649 


6697 


6746 


6793 


684U 


6888 


6935 


6984 


7032 


7080 


4^ 


ao6 


7128 


7176 


7324 


7372 


7330 


7368 


7416 


7464 


7512 


7659 


48 


9U7 


7607 


7666 


7703 


7761 


7799 


7847 


7894 


7942 


7990 


8038 


48 


y03 


8080 


8134 


8181 


8229 


8377 


8326 


8373 


8421 


8468 


8516 


48 


9(m 

910 


8f>64 


8612 
9089 


8059 
9137 


8707 
9185 


8755 
9232 


8803 
9280 


8850 
9328 


8898 
9375 


8946 
9433 


8994 


48 
48 


05»O^1[ 


9471 


91J 


961?^ 


9o66 


9614 


9661 


9709 


9767 


9804 


9853 


9900 


9947 


48 


912 


9995 


*,42 


,.90 


.138 


.185 


,233 


*380; 


.328 


.376' 


.433 


AS 


913 


960471 


0518 


0560 


0613 


0661 


0709 


0756 


0804 


0861 


0899 


48 


UK 


0946 


0994 


1041 


1089 


1136 


1184 


1231 


1379 


1326 


1374 


47 


yi5 


1431 


1469 


1516 


1663 


1611 


1658 


1706 


1753 


1801 


1848 


47 


inft 


1895 


1943 


1990 


3038 


3085 


3133 


2t80 


2227 


2276; 


2322 


47 


yi7 


2369 


2417 


3464 


25U 


2559 


2606 


2653 


2701 


2748 


2795 


47 


913 


2813 


2890 


2937 


39R5 


3032 


3079 


3126 


3174 


3331 


3268 


47 


,919 
920 


3310 


3363 
3835 


3410 
3882 


3457 


3504 
3977 


3553 
4034 


3.^99 
4071 


3646 
4118 


3693 
4165 


3741 
4213 


47 
-47 


963788 


3939 


9il 


42h0 


4307 


4354 


4401 


4448 


4495 


4542 


1590 


4637 


4684 


47 


9^;! 


4731 


4778 


4836 


4872 


4919; 4966 


6013 


6061 


6108 


51651 


47 


923 


6202 


6249 


5396 


6343 


.5390> 5437 


6484 


5531 


5578 


5625 


4? 


^2i 


507^ 


6719 


5766 


5813 


5860 


5907 


5954 


6001 


6048 


6095 


47 


yij> 


6143 


6189 


6336 


6283 


6329 


6376 


6433 


6470 


6517 


6664 


47 


Ui6 


6611 


6658 


6706 


6752 


6799 


6845 


6893 


6939 


69=^6 


7933 


47 


ya? 


7980 


7127 


7173 


7220 


7'i67 


73U 


7361 


740R 


7454 


7501 


47 


y^ft 


7548 


7595 


7642 


7688 


7736 


7783 


7839 


7876 


7922 


7969 


47 


y29 

9¥) 


8010 


806*2 
8530 


8109 


8156 


8203 


8249 
8716 


8296 


8343 

8810 


8390 


8436 
8003 


47 
47 


968483 


8576 


8623 


8670 


8763 


8366 


9a I 


8960 


8996 


9043 


9090 


9136 


9183 


9339 


9276 


9333 


9369 


47 


933 


9U6 


9463 


9j{)y 


9556 


960S 


9649 


9696 


9742 


9789 


9836 


47 


933 


9883 


9928 


9975 


..21 


..68 


-114 


.161 


.207 


.364 


.300 


47 


y:H 


970347 


0393 0440 


0486 


0533 


0579 


, 0636 


0673 


07(9 


0765 


46 


9^15 


0813 


0858 0904 


0951 


0997 


10^4 


1090 


1137 


1183 


1329 


46 


yjifi 


1376 


1322, 1369 


1416 


1461 


1508 


1554 


1601 


1647 


1693 


46 


y:j7 


1740 


178G| 1832' 1879 1935 


1971 


2018 


3064 


3110 


2157 


46 


uus 


3203 


22491 23961 23431 2388 


3434 


2181 


2527 


2573 


2619 


46 


9; 19 


26601 2712' 37681 3Sl04' 3851' 3897 


2943'29fl9 3(>36 30IS2 4^ | 


jlI 


1 1 1 1 3 1 3 1 4 1 5 1 6 1 7 1 8 1 9 1 D J 
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A TA»L£ OP L0GA£1TH1IIS FROM 1 TO 10,000. 




N. 


1 1 1 2 1 3 i 4 1 5 1 ti J 7 a 1 9 1 D. 1 


940 


973 i3H 


3 E 741 3220 


3266 


3313 


33591 3405 


3451 


3497 3543 


46 


941 


3590 


36311:3632 


3728 


3774 


3820^ 3866 


3913 


:VXiU Un)f^ 


4K 


943 


m^i 


4097 


4143 


4189 


42;*5 


4281 4327 


1374 


• 4 12U 4 HiO 


46 


&4il 


45U 


4559 


4604 


4050 


4696 


4742, 478H 


4S34 


' 4^^su Ui'jvi 


4i\ 


1H4 


4972 


5018 


5064 


5H0 


5156 


5202, 5248 


5294 


.53401 5386 


46 


Mb 


&^m 


5478 


5524 


5570 


5616 


5662' 5707 


5753 


5799 


5«45 


46 


946 


6«91 


5937 


5983 


6029 


; 6075 


012lt5lG7 


6212 


6258 


63IH 


40 


U*7 


6350 


6390 


6442 


6488 


! 6533 


0579, 6625 


6671 


6717 


6763 


46 


4*48 


6B(>8 


0854' 6900 


0946 


1 6992 


7037 


7083 


7129 


7175 


7220 


46 


£»49 
050 


7206 
9777ii4 


7312 


735S 


7403 
7'80I 


7449 
7900 


7495 


7541 
7998 


7586 
9043 


7632 
8089 


7678 
R135 


40 
46 


77G9 


7815 


7952 


951 


BI81 


8226 


8272 


8317 


8363 


8409 


8454 


9500 


8546 H591 


46 


952 


BG37 


8683' 8728 


8774 


8819 


8865 


8911 


8950 


9002 


[9047 


46 


953 


9093 


9138! 9184 


9230 


9276 


9321 


9366 


9412 


9457 


9503 


46 


954 


954S 


9594 19639 


9685 


9730 


9778 


9921 


99G7 


9912 


9958 


46 


955 


Bsomd 


0049' 0094 


0140 


0185 


0231 


0276 


0322 


0307 


0412 


45 


95fj 


04r>8 


0503 0549 


0594 


0640 


0685 


0730 


0776 


0821 


0867 


45 


957 


0912 


0957 1003 


1048 


1093 


H39 


1184 


1229 


1275 


1320 


45 


958 


lariG 


1411 1450 


1501 


15^17 


1592 


1637 


1083 


1728 


1773 


45 


1^59 


ISIO 


lfi64 1909 
2316 2362 


1954 
2407 


2000 
2452 


2045 
2^497 


2090 
2543 


2135 
2588 


2181 


2226 
2678 


45 
45 


982271 


2633 


Dftl 


27S3 


2769i28l4 


2859 


£904 


2949 


2994 


3040 


3085 


3130 


45 


962 


3175 


:^2.^0 :^2H5 


:i3i0 


3356 


34015 3440 


3491 


3530 


3581 


45 


^m 


362H 


3«;71 3710 


3762 


3807 


3852 3897 


3942 


3987 


4032 


4*5 


96i 


4077 


4122; 4167 


4212 


4257 


4303 4347 


4392 


4437 


4182 


45 


965 


4527 


4572 


4617 


4C62 


4707 


4752 4797 


4842 


4887 


4932 


45 


UB6 


4977 


5(^22 


5067 


5112 


5157 


5202: 5247 


5292 


5337 


5382, 


45 


9B7 


6436 


5471 


5516 


556] 


5606 


5651 


5696 


5741 


5786 


5830 


45 


ytiti 


5875 


5920 


59^:^ 


6010 


6055 


6100 


61-U 


6189 


6234 


0279 


45 


969 
970 


G^U, 


6309 
OBI 7, 


6413 
0861 


6458 


6503 
6951 


6548 


6593 


6637 
7085 


G683 


6727 


45 

45 


986772 


6906 


6996 


7040 


7130 


7175 


tt7l 


7219 


7204 


7309 


7353 


7398 


7443 


7488 


7532 


7577 


7622 


4,^ 


97:* 


7666 


7711 


7756 


7800 


7945 


7890 


7934 


7979 


8024 


8068 


4t, 


f*73 


8Un 


8157 


8202 


8247 


9291 


8336 


9391 


9425 


8470 


9514, 


45 


t*74 


8559 


8S04 


8648 


8693 


8737 


8782 


9926 


9871 


8916 


9960 


45 


975 


9005 


9049 


9094 


9139 


918,^ 


9227 


9372 


9310 


9361 


9405 


45 


«76 


9450 


9494 


9539 


9593 


9028 


9672 


9717 


9761 


9806 


9850 


44 


977 


9895 


9U39 


9983 


-.28 


,.72 


.117 


,161 


.206 


,250 


.294 


44 


978 


990339 


0HR3 


0428 


0472 


0516 


0561 


0005 


0650 


0694 


0738 


44 


979 


0783 


0H27 


0871 


0910 


0960 


1004 


1049 


1093 


1137 


1182 


41 


98J> 


991226 


1270 


1315 


1359 


1403 


1448 


1492 


1536 


1580 


1025 


44 


981 


ias9 


1713 


1758 


1802 


1846 


I890t 1935 


1979 


202^^ 


2067 


44 


982 


SUl 


2156 


2200 


2244 


2288 


2333 


2377 


2421 


2465 


2509 


44 


om 


2554 


2598 


2642 


2686 


2730 


2774 


2819 


2363 


2907 


2951 


44 


' :jS4 


2995 


3039 


3083 


3137 


3172 


3210 


3260 


3304 


3348 


3392 


44 


1 clNft 


34315 


3480 


3524 


8568 


3613 


3657 


370 1: 


3745 


37H9 


3933 


44 


9r^6 


3877 


3931 


3965 


40<i9 


1053 


4097 


4141 


4L85 


4229 


4273 


44 


9t37 


4317 


4361 


4405 


4449 


1493 


4537 


4581 


4625 


4009 


4713 


44 


jrfS 


4757 


4801 


4845 


4889 


4933 


4977 


5031 


5065 


SlOrt 


5152 


44 


989 
990 


5196 


5240 
5679 


5284 


5328 


5372 
5811 


5416 
5854 


5400 


5504 
5942 


5547 
5986 


5591 
6030, 


44 
44 


995635 


5723 


57G7 


5898 


S»9L 


6074 


6117 


6161 


0205 


6249 


6293 


6337 


6380 


0424 


6468 


44 


;^92 


6512 


6555 


6599 


6643 


6687 


6731 


6774 


6818 


6862 


6906 


44 


993 


6949 


699;1 


7t»37 


7080 


7124 


7108 


7212 


7255 


7299 


7343 


44 


994 


7380 


7430 


7474 


7517 


7561 


7605 


7648 


7692 


7736 


7779 


41 


995 


7823 


7H67 


7910 


7954 


7998 


H041 


8085 


8129 


8172 


3216 


44 


99l^ 


8259 


8303 


S347 


8390 


8434 


8477 


8521 


8564 


8608 


8652 


4 ] 


997 


S695 


8739 


87^(2 


B82li 


8869 


891318956 


900o; 


9043 


90R7« 


44 


99H 


9131 


9174 


9218 


9261 


9305 


9348J 9392 


9435 


9479 


9522J 41 
99571 iri 


9^19 


9565 9!V>il| 


:ni5ii nnor^i 


971^9 


973^*1 9^26 


9R70 


9913 


:^ 


f* I|2i3(4|5l6 


7- 1 


8 


9 1 


T^ 



LOGARITHMIC 
SINES AND TANGENTS, 



FOm BTEBT 



DEGEEE AND MINUTE 



or THB QUADRAMT. 



N. B. The minutes in the lef\rhand column of each page, increasing 
downwards, belong to the degrees at the top ; and those increasing 
upwards, in the right-hand column, belong to the degrees below. 
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(0 Degree.) a table of logarithmic 




M. 


1 Sine 


1 D. 


1 Cosine 


^ 


Tang. 


D. 


Cotang. 1 1 


T 


0.000000 




10.000000 




0.000000 




luuiiiie. 


60 


1 


6.463726 


601717 


000000 


00 


6.463726 


501717 


13.5.36274 


69 


2 


764756 


293485 


000000 


00 


764756 


29.3483 


235244 


68 


3 


940847 


208231 


000000 


00 


940847 


208231 


059153 


67 


4 


7.065786 


161517 


000000 


00 


7.065786 


161617 


12.934214 


66 


5 


162696 


131968 


000000 


00 


162696 


131969 


837304 


66 


6 


241877 


111575 


9.999999 


01 


241878 


111578 


768122 


64 


7 


308824 


96653 


999999 


01 


308825 


99653 


691176 


53 


8 


366816 


85254 


999999 


01 


366817 


85264 


633183 


52 


9 


417968 


76263 


999999 


01 


417970 


76263 


682030 


51 


10 
11 


463725 


68988 


999998 


01 
01 


463727 


68988 


636273 


50 
49 


7.505118 


62981 


9.999998 


7.505120 


62981 


12.494880 


12 


542906 


67936 


999997 


01 


642909 


67933 


467091 


48 


13 


577668 


53641 


999997 


01 


677dT2 


63642 


422328 


47 


14 


609853 


49938 


999996 


01 


•09867 


49939 


390143 


46 


15 


639816 


46714 


999996 


01 


639820 


46716 


360180 


45 


16 


667845 


43881 


999995 


01 


667849 


43882 


332161 


44 


17 


694173 


41372 


999995 


01 


694179 


41373 


305821 


43 


18 


7)8997 


39185 


999994 


01 


719063 


39136 


280997 


42 


19 


741477 


37127 


999993 


01 


742484 


37128 


257516 


41 


20 
21 


764764 


35316 


999993 


01 
01 


764761 


36136 


235239 


40 
39 


7.785943 


33672 


9.999992 


7.785951 


33673 


12.214049 


22 


806146 


32175 


999991 


01 


806155 


32176 


193846 


38 


23 


825461 


30805 


999990 


01 


825460 


30806 


174640 


37 


24 


843934 


29547 


999989 


02 


843944 


29649 


156056 


36 


25 


861662 


28388 


»99988 


OS 


861674 


38«90 


138326 


35 


26 


878696 


27317 


999988 


02 


878708 


27318 


121292 


34 


27 


896086 


26323 


999987 


02 


895099 


26326 


104901 


.33 


28 


910879 


26399 


999986 


02 


910894 


25401 


089106 


32 


29 


926119 


24538 


999985 


02 


926134 


24'>40 


073866 


31 


30 
31 


940842 


23733 


999983 


02 
02 


940858 
7.956100 


23735 


059142 


30 
29 


7.955082 


22980 


9.999982 


22981 


12.044900 


32 


968870 


22273 


999981 


02 


968889 


22275 


031111 


28 


33 


982233 


21608 


999980 


02 


982253 


21610 


017747 


27 


d4 


995198 


20981 


999979 


02 


995219 


2J983 


004781 


26 


35 


8.007787 


20390 


999977 


02 


8.007809 


20392 


11.992191 


25 


36 


020021 


19831 


999976 


02 


020045 


19833 


979965 


24 


37 


031919 


19302 


999975 


02 


031946 


19305 


968065 


23 


38 


043501 


18801 


999973 


02 


043527 


18803 


956473 


22 


39 


054781 


18325 


999972 


02 


054809 


18327 


945191 


21 


40 
41 


065776 


17872 


999971 


02 
02 


065806 
8.076531 


17874 
17444 


934194 


20 
19 


8.076500 


17441 


9.999969 


11.923469 


42 


086965 


17031 


999968 


02 


086997 


17034 


913003 


18 


43 


097183 


16639 


999966 


02 


097217 


16642 


902783 


17 


44 


107167 


16265 


999964 


03 


107202 


16268 


892797 


16 


4ft 


116926 


15908 


999963 


03 


116963 


15910 


883037 


15 


46 


126471 


15566 


999961 


03 


126510 


15568 


873490 


14 


47 


135810 


15238 


999959 


03 


135851 


15241 


864149 


13 


48 


144953 


14924 


999958 


03 


144996 


14927 


856004 


12 


49 


153907 


14622 


999956 


03 


153952 


14627 


846048 


11 


51 


162681 


14333 
14054 


999954 


03 
03 


162727 


14336 


837273 


10 
9 


8.171280 


9.999962 


8.171328 


14057 


11.828672 


52 


179713- 


13786 


999950 


03 


179763 


13790 


820237 


8 


53 


187985 


13529 


999948 


03 


188036 


13532 


811964 


7 


64 


196102 


13280 


999946 


03 


196156 


13284 


803844 


6 


55 


204070 


13041 


999944 


03 


204126 


13044 


795874 


5 


56 


^211895 


12810 


999942 


04 


211953 


12814 


788047 


4 


57 


219581 


12587 


999940 


04 


219641 


12590 


780359 


8 


58 


227134 


12372 


999938 


04 


227195 


12370 


772805 


2 


59 


234557 


12164 


999936 


04 


234621 


12168 


765379 


1 


60 


241855 


llv)63 


999934 04 


241921 


11967 


768079 





n 


Cosine | 




Sine 


Cotang. 




Tang. 1 M. | 



89 Degreei. 



~ 
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Sine D. 


Cosine | D. 


1 Tang. 


D. 


Ootang. 1 1 


-t 


8.241855 


11963 


9.999934 


04| 


8.241921 


11967 


11.758079 601 


1 


249033 


11768 


999932 


04 


249102 


11772 


760898 


69 


2 


256094 


11680 


999929 


04 


256166 


11584 


743835 


58 


3 


263042 


11398 


999927 


04 


263115 


11402 


736885 


67 


4 


269881 


11221 


999925 


04 


269956 


11226 


730044 


56 


5 


276614 


11060 


999922 


04 


276691 


11054 


723309 


55 


6 


283243 


10883 


999920 


04 


283323 


10887 


716677 


54 


7 


289773 


10721 


999918 


04 


289856 


10726 


710144 


53 


8 


296207 


10565 


999915 


04 


296292 


10570 


703708 


52 


9 


302646 


10413 


999913 


04 


302634 


10418 


697366 


51 


LO 
11 


308794 


10266. 


999910 


04 
04 


308884 


10270 
10126 


691116 


60 
49 


8.314954 


10122 


9.999907 


8.315046 


11.684954 


12 


321027 


9982 


999906 


04 


321122 


9987 


678878 


48 


13 


327016 


9847 


999902 


04 


327114 


9851 


672886 


47 


H 


332924 


9714 


999899 


05 


333025 


9719 


666975 


46 


15 


338753 


9586 


999897 


05 


338956 


9690 


66^144 


45 


16 


344504 


9460 


999894 


05 


344610 


9465 


665390 


44 


17 


350181 


9338 


999891 


06 


350289 


9343 


649711 


43 


18 


355783 


9219 


999888 


05 


365896 


9224 


644105 


42 


i\i 


361315 


9103 


999885 


05 


361430 


9108 


638570 


41 


20 

21 


366777 


8990 


999882 


05 
06 


366895 


8995 


633105 


40 
39 


8.372171 


8880 


9.999879 


8.372292 


8886 


11.627708 


22 


377499 


8772 


999876 


05 


377622 


8777 


622378 


38 


23 


38S762 


8667 


999873 


06 


382889 


8672 


617111 


87 


24 


387962 


8564 


999870 


05 


388092 


8670 


611908 


36 


25 


393101 


8464 


999867 


05 


393234 


8470 


606766 


35 


26 


398179 


8366 


999864 


05 


398315 


8371 


601686 


84 


27 


403199 


8271 


999861 


05 


403338 


8276 


596662 


83 


28 


408161 


8177 


999868 


05 


408304 


8182 


591696 


32 


29 


413068 


8086 


999864 


05 


413213 


8091 


686787 


31 


30 
31 


417919 
8.422717 


7996 


999861 


06 
06 


418068 


8002 


581932 


30 
29 


7909 


9.999848 


8.422869 


7914 


11.577131 


32 


427462 


7823 


999844 


06 


427618 


7830 


572882 


28 


33 


432156 


7740 


999841 


06 


432315 


7745 


567685 


27 


34 


436800 


7657 


999838 


06 


436962 


7663 


663038 


26 


35 


441394 


7577 


999834 


06 


441560 


7683 


558440 


25 


36 


445941 


7499 


999831 


06 


446110 


7505 


653890 


24 


37 


450440 


7422 


999827 


06 


450613 


7428 


549387 


23 


38 


454893 


7346 


999823 


06 


455070 


7352 


544930 


22 


39 


459301 


7273 


999820 


06 


459481 


7279 


640519 


21 


40 
41 


463666 
8.467985 


7200 


999816 


06 
06 


463849 
8.468172 


7206 


636151 


20 
19 


7129 


9.999812 


7135 


11.631828 


42 


472263 


7060 


999809 


06 


472454 


7066 


527646 


18 


43 


476498 


6991 


999805 


06 


476693 


6998 


523307 


17 


44 


480693 


6924 


999801 


06 


480892 


6931 


519108 


16 


45 


484848 


6859 


999797 


07 


485050 


6866 


514960 


15 


46 


488963 


6794 


999793 


07 


489170 


6801 


610830 


14 


47 


493040 


6731 


999790 


07 


493260 


67.38 


506750 


13 


18 


497078 


6669 


999786 


07 


497293 


6676 


602707 


12 


19 


501080 


6608 


999782 


07 


601298 


6615 


498702 


11 


50 
51 


605045 
8.60897^ 


6548 


999778 


07 
07 


605267 
8.609200 


6555 


494733 


10 
9 


6489 


9.999774 


6496 


11.490800 


52 


512867 


6431 


999769 


07 


513098 


6439 


486902 


8 


53 


516726 


. 6375 


999765 


07 


61696] 


6382 


483039 


7 


54 


620551 


6319 


999761 


€ 


520790 


6326 


479210 


6 


55 


524343 


6264 


999757 


624586 


6272 


475414 
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383133 


31 




582840 


508 


965615 
9.966563 


87 
87 


617224 
9 617.-182 


596 


3R2770 
10.383418 


30 
29 


9.583145 


608 


590 


;12 


583449 


607 


9655U 


87 


617939 


595 


383061 


28 


Xi 


683754 


607 


965458 


87 


618295 


694 


38170.'7 


37 


M 


584058 


506 


95540(J 


87 


618652 


694 


381348 


20 


35 


584,161 


506 


955353 


88 


619008 


694 


380992 


2iT 


3*V 


5S4G6G 


^06 


905301 


88 


619364 


593 


380636 


24 


:^7 


584968 


fi05 


905248 


88 


019731 


593 


380379 


as 


:!8 


685273 


505 


965195 


88 


630O7H 


693 


379934 


22 
21 


ay 


585574 


504 


9D6143 


88 


620432 


692 


379508 


4t) 
41 


585877 


504 


965090 
9.9G60J7 


88 
88 


620787 
9.621142 


692 


379213 
10.378858 


20 
19 


9.580179 


6t>3 


592 


42 


580483 


603 


964984 


8fi 


021497 


591 


378503 


18 


43 


5867^*3 


503 


964931 


88 


621862 


.591 


378148 


17 


44 


587085 


603 


964H79 


88 


022307 


590 


377793 


16 


4ft 


5873Jir> 


602 


964820 


88 


622561 


590 


377439 


15 


4fi 


687(i88 


501 


964773 


88 


633915 


590 


3770s'i5 


14 


47 


587989 


601 


964719 


88 


623269 


539 


376731 


13 


AS 


588^289 


501 


964600 


89 


023623 


589 


376377 


12 


49 


588590 


600 


964613 


89 


023970 


589 


376024 


11 




588890 
9.589190 


500 


964600 


89 
89 


634330 


588 


375670 
10.375317 


10 



499 


9.964607 


9.624683 


588 


52 


5SH9489 


499 


984454 


89 


625036 


688 


374964 


8 


53 


689789 


499 


964400 


89 


625388 


687 


374012 


7 


54 


600088 


408 


964347 


89 


025741 


687 


374369 


6 


55 


590387 


49R 


964294 


89 


026093 


587 


373907 


5 


ft(? 


6906X0 


497 


964240 


89 


636446 


686 


373S65 


4 


57 


590984 


497 


964187 


89 


636797 


586 


373303 


3 


58 


60128*J 


497 


9^4133 


89 


637149 


586 


372861 


U 


59 


691580 


490 


964080 


B9 


637501 


585 


372499 


1 


nti 


591878 


490 


964020 


89 


637852 


585 


3Y2H8 







CrtHLiie 




Sine 1 


Viflntia. 1 




t Teli,^. \ M 1 



67 degrees. 





siNia AND tamoehts. (23 Degrees.) 


41 


"bT 


Sine 


D. 


Cotlne 1 D. 


Tang. 


D. 


Coiaiig. 1 


~ 


9.691878 


=«r 


9.964026 


89 


9.627852 


686 


10.372148 


'm 


1 


592176 


496 


963972 


89 


628203 


686 


371797 


59 


2 


692473 


496 


963919 


89 


628554 


586 


871446 


68 


3 


592770 


495 


963865 


90 


628905 


684 


871095 


57 


4 


693067 


494 


963811 


90 


629265 


684 


870745 


56 


5 


693363 


494 


963767 


90 


629606 


688 


870394 


65 


6 


593659 


493 


963704 


90 


629956 


§83 


370044 


54 


7 


593955 


^1 


963650 


90 


630306 


688 


869694 


63 


8 


694251 


963596 


90 


630656 


688 


369344 


52 


9 


694547 


492 


963542 


90 


681005 


682 


868995 


61 


10 
IT 


694842 


492 


968488 


90 
90 


631355 


582 


868645 


50 
49 


9.695137 


491 


9.963484 


9.631704 


682 


10.868296 


•2 


595432 


491 


968879 


90 


682063 


681 


867947 


48 


13 


695727 


491 


968825 


90 


632401 


681 


867599 


47 


14 


696021 


490 


968271 


90 


682760 


681 


867250 


46 


15 


696316 


490 


968217 


90 


638098 


680 


866902 


45 


16 


696609 


489 


963163 


90 


688447 


680 


866653 


44 


17 


696903 


489 


968108 


91 


633796 


680 


866206 


43 


18 


697196 


489 


968064 


91 


684143 


679 


366857 


42 


19 


697490 


488 


962999 


91 


634490 


679 


865510 


41 


20 

21 


697788 


488 


962946 


91 
91 


684838 


679 


865162 


40 
89 


9.598075 


487 


9.962890 


9.635186 


678 


10.864816 


22 


698368 


487 


962836 


91 


635632 


678 


864468 


88 


23 


698660 


487 


962781 


91 


636879 


§78 


864121 


37 


24 


698952 


486 


962727 


91 


636226 


§77 


863774 


36 


25 


699244 


486 


962672 


91 


636572 


677 


863428 


35 


26 


699536 


485 


962617 


91 


636919 


677 


863081 


34 


27 


699827 


486 


962562 


91 


637265 


677 


862735 


33 


28 


600118 


485 


962508 


91 


637611 


676 


862389 


32 


29 


600409 


484 


962453 


91 


637956 


676 


362044 


31 


30 
31 


600700 


484 


962398 


92 


638302 


676 


861698 


80 
29 


9.600990 


484 


9.962343 


92 


9.638647 


676 


10.361353 


32 


601280 


488 


962288 


92 


638992 


676 


361008 


28 


33 


601670 


483 


962233 


92 


639337 


676 


360663 


27 


34 


601860 


482 


962178 


92 


639682 


674 


860318 


26 


35 


602150 


482 


962123 


92 


640027 


674 


859973 


fi5 


36 


602439 


482 


962067 


92 


640371 


674 


859629 


24 


37 


602728 


481 


962012 


92 


640716 


678 


859284 


23 


38 


603017 


481 


961957 


92 


641060 


673 


858940 


22 


39 


603306 


481 


961902 


92 


641404 


673 


358596 


21 


40 
41 


603594 


480 


961846 


92 
92 


641747 


672 


368253 


20 
19 


9.603882 


480 


9.961791 


9.642091 


672 


10.367909 


42 


604170 


479 


961735 


92 


642434 


672 


867566 


18 


43 


604457 


479 


961680 


92 


642777 


672 


357223 


17 


44 


604745 


479 


961624 


93 


643120 


671 


856880 


16 


45 


60.5032 


478 


961569 


93 


643463 


671 


356537 


15 


46 


605319 


478 


961513 


93 


643806 


671 


856194 


14 


47 


605606 


478 


961458 


93 


644148 


670 


855862 


13 


48 


605892 


477 


961402 


93 


644490 


670 


865510 


12 


49 


606179 


477 


961346 


93 


644832 


670 


855168 


11 


60 
51 


606466 


476 


961290 


93 
93 


645174 


669 


854826 


10 
9 


9.606761 


476 


9.961236 


9.645516 


669 


107354484 


52 


607036 


476 


961179 


93 


645857 


669 


354143 


8 


53 


607322 


475 


961123 


93 


646199 


669 


853801 


7 


54 


607607 


• 475 


961067 


93 


646540 


668 


353460 


6 


55 


607892 


474 


961011 


93 


646881 


668 


353J19 
852778 


6 


56 


608177 


474 


960955 


93 


647222 


668 


4 


57 


608461 


474 


960899 


93 


647562 


667 


352438 


8 


o:< 


608745 


473 


960843 


94 


647903 


667 


352097 


2 


59 


609029 


473 


960786 


94 


648243 


567 


861757 


1 


HO 


609313 


473 


960730 


94 


648583 


566 


361411^ 





ZJ 


Cnsine 





dine 


Cotang. 




Tai«. 



66 Dei^reeti. 



42 


{24 Degrees.) a 






M 


81ne 


D. 


Cosine D. 


Taiiff. 


D. 


Cotang. 1 1 


T 


9.609313 


473 


9.960730 


94 


9.648583 


566 


10.351417 


60 


I 


609597 


478 


960674 


94 


648923 


566 


351077 


59 


2 


609880 


472 


960618 


94 


649263 


566 


360737 


58 


3 


610164 


472 


960561 


94 


649602 


566 


350398 


57 


4 


610447 


471 


960505 


94 


649942 


566 


350058 


56 


5 


610729 


471 


960448 


94 


650281 


665 


349719 


55 


6 


611012 


470 


960392 


94 


650020 


565 


349.380 


54 


7 


611294 


470 


960335 


94 


650959 


564 


349041 


53 


8 


611676 


470 


960279 


94 


651297 


564 


348703 


52 


9 


611858 


469 


960222 


94 


651636 


564 


348.364 


51 


10 

11 


612140 


469 


960165 


94 


651974 


568 


348026 


.50 
49 


9.612421 


469 


9.960109 


95 


9.652312 


568 


12 


612702 


468 


960062 


95 


652650 


563 


'A\7lbO 


48 


13 


612983 


468 


959995 


95 


652988 


563 


347012 


47 


U 


613264 


467 


959938 


96 


653326 


56S 


:31fif>74 


46 


15 


613545 


467 


959882 


95 


653663 


568 


Mm97 


45 


16 


613825 


467 


959825 


95 


654000 


568 


340000 


44 


17 


614105 


466 


959768 


95 


654337 


561 


yift063 


43 


18 


614385 


466 


959711 


95 


654674 


561 


3.15;T26 


42 


19 


614665 


466 


959664 


95 


655011 


561 


;il4li89 


41 


20 
21 


614944 


465 


959696 


95 
95 


655348 


561 


;MJ552 
10.t^.Mai6 


40 
39 


9.615223 


466 


9.959539 


9.655684 


560 


22 


616502 


465 


959482 


96 


656020 


560 


:iny80 


38 


23 


615781 


464 


959425 


95 


656356 


560 


:ii;ir>44 


37 


24 


616060 


464 


959368 


95 


656692 


559 


:i4:^H08 


36 


25 


616338 


464 


9.59310 


96 


657028 


559 


MW72 


35 


26 


616616 


463 


959253 


96 


657364 


559 


31^^536 


34 


27 


616894 


463 


959195 


96 


657699 


550 


ai^noi 


33 


28 


617172 


462 


959138 


96 


6580.34 


558 


;inn66 


32 


29 


617450 


462 


959061 


96 


658369 


558 


;Min3l 


31 


30 
31 


617727 


462 


959023 


96 
96 


658704 


558 


;u;«96 

10.340961 


30 
29 


9.618004 


461 


9.958965 


9.659039 


558 


32 


618281 


461 


958908 


96 


659373 


557 


340627 


28 


33 


618568 


461 


d58850 


96 


659708 


557 


340292 


27 


34 


618834 


460 


958792 


96 


660042 


557 


339958 


26 


35 


619110 


460 


958734 


96 


660376 


557 


339624 


25 


36 


619386 


460 


958677 


96 


660710 


556 


339290 


24 


37 


619662 


459 


958619 


96 


661043 


566 


338957 


23 


38 


619938 


459 


958561 


96 


661377 


556 


338623 


22 


39 


620213 


459 


958603 


97 


661710 


555 


338290 


21 


40 
41 


620488 


4.58 


958445 


97 
97 


662043 


566 


337957 


20 
19 


9.620763 


458 


9.958387 


9 662376 


555 


10.337624 


42 


621038 


457 


958329 


97 


662709 


5.54 


337291 


18 


43 


621313 


457 


958271 


97 


663042 


554 


336958 


17 


4-1 


621587 


4.57 


95(^213 


97 


663375 


554 


336625 


16 


45 


621861 


456 


958154 


97 


663707 


554 


336293 


15 


46 


622135 


456 


958096 


97 


664039 


553 


335961 


14 


47 


622409 


456 


958038 


97 


664371 


5.53 


335629 


13 


48 


622682 


455 


957979 


97 


664703 


553 


335297 


12 


49 


622956 


455 


957921 


97 


665035 


553 


334965 


11 


50 
51 


623229 


456 


957863 


97 
97 


665366 


552 


334634 


10 
9 


9.623602 


454 


9.957804 


9.665697 


552 


10.334303 


52 


623774 


454 


957746 


98 


666029 


552 


333971 


8 


53 


624047 


454 


957687 


98 


666360 


551 


333640 


7 


54 


624319 


453 


957628 


98 


666691 


551 


333309 


6 


55 


624591 


453 


957670 


98 


667021 


551 


832979 


5 


56 


624863 


453 


957511 


98 


667352 


551 


332648 


4 


57 


6251.35 


452 


957452 


98 


6676S2 


550 


332318 


3 


58 


625406 


452 


957393 


98 


668013 


550 


331987 


2 


59 


62.5677 


452 


957335 


98 


668343 


550 


331657 


1 


HO 


625948 


451 


957276 98 


668672 


550 


331328 







PfHine 




. .^"' 1 


(-oiHns 




1 'I':mt'. ,M 1 



bS Degrees. 





SINES AND TANGENTS 


. (26 Degrees 


.) 


43 


M. 


Sine 


D. 


Cosine 


D. 


Tang. 


D. 


1 Cotang 1 


"o" 


9.625948 


451 


9.957276 


-w 


9.668673 


6.50 


10.331327 60 


1 


626219 


451 


967217 


98 


669002 


649 


330998 


59 


2 


626490 


451 


967158 


98 


669332 


549 


330668 


58 


3 


626760 


450 


967099 


98 


669661 


649 


830339 


67 


4 


627030 


450 


957040 


98 


669991 


648 


830009 


56 


5 


627300 


450 


956981 


98 


670320 


648 


329680 


55 


6 


627570 


449 


956921 


99 


670649 


548 


329351 


54 


7 


627840 


449 


966862 


99 


670977 


548 


829023 


53 


8 


628109 


449 


966803 


99 


671306 


547 


328694 


52 


9 


628378 


448 


966744 


99 


671634 


647 


328366 


51 


10 
11 


628647 


448 


956684 


99 


671963 
9.672291 


547 


328037 


50 
49 


9.628916 


447 


9.956626 


99 


547 


10.327709 


12 


629185 


447 


956666 


99 


672619 


646 


827381 


48 


13 


629453 


447 


966506 


99 


672947 


546 


827053 


47 


14 


629721 


446 


966447 


99 


673274 


646 


826726 


46 


15 


629989 


446 


966887 


99 


673602 


646 


826398 


45 


16 


680257 


446 


956827 


99 


673929 


645 


326071 


44 


17 


630524 


446 


966268 


99 


674257 


546 


825743 


43 


18 


630792 


445 


966208 


100 


674584 


645 


825416 


42 


19 


631059 


445 


966148 


100 


674910 


644 


825090 


41 


20 
21 


631326 


445 


956089 


100 
100 


675237 


644 


824763 


40 
39 


9.631593 


444 


9.956029 


9.675564 


644 


10.324436 


22 


631859 


444 


955969 


100 


675890 


644 


324110 


38 


23 


682125 


444 


955909 


100 


676216 


643 


323784 


37 


24 


632392 


443 


965849 


100 


676543 


543 


323457 


36 


25 


632658 


443 


965789 


100 


676869 


643 


823131 


35 


26 


632923 


443 


955729 


100 


677194 


643 


322806 


34 


27 


683189 


442 


955C69 


100 


677520 


542 


322480 


33 


28 


683454 


442 


955609 


100 


677846 


542 


322154 


32 


29 


633719 


442 


965548 


100 


678171 


542 


321829 


31 


30 
31 


638984 


441 


966488 
9.955428 


100 
101 


678496 


642 


321504 


30 
29 


9.684249 


441 


9.678821 


641 


10. .321 179 


32 


684514 


440 


955368 


101 


679146 


641 


320854 


28 


33 


684778 


440 


955307 


101 


679471 


641 


320529 


27 


34 


685042 


440 


965247 


101 


679795 


541 


820205 


26 


35 


685306 


489 


956186 


101 


680120 


540 


819880 


25 


36 


685570 


439 


955126 


101 


680444 


540 


819556 


24 


37 


685834 


489 


965065 


101 


6^0768 


540 


319232 


23 


38 


636097 


488 


956005 


101 


681092 


640 


318908 


22 


39 


636360 


438 


964944 


101 


681416 


639 


318584 


21 


40 
41 


636623 


436 


954883 
9 954823 


101 
101 


681740 


639 


318260 


20 
19 


9.686886 


437 


9.682063 


10.317937 


42 


687148 


437 


954762 


101 


682387 


539 


317613 


18 


43 


687411 


487 


964701 


101 


682710 


538 


317290 


17 


44 


637673 


487 


964640 


101 


683033 


638 


316967 


16 


45 


637935 


436 


964579 


101 


683356 


538 


316644 


15 


46 


638197 


486 


954518 


102 


683679 


538 


316321 


14 


47 


688458 


486 


954457 


102 


684001 


637 


315999 


13 


48 


688720 


485 


964396 


102 


684324 


537 


31.5676 


12 


49 


688981 


435 


964335 


102 


684646 


637 


315354 


11 


50 


689242 


435 


964274 


102 


684968 


637 


315032 


10 


51 


9.689508 


434 


9.964213 


102 


9.686290 


536 


10.314710 


9 


52 


639764 


484 


964152 


102 


6856x2 


536 


314388 


8 


53 


640024 


434 


964090 


102 


685934 


536 


314066 


7 


54 


640284 


433 


954029 


102 


686255 


536 


313745 


6 


55 


640544 


433 


953968 


102 


686577 


C35 


313423 


5 


56 


640804 


438 


953906 


102 


686898 


636 


313102 


4 


57 


641064 


432 


953845 


102 


687219 


535 


812781 


3 


58 


641324 


432 


953783 


102 


687540 


535 


3-12460 


2 


69 


641584 


432 


953722 


103 


687861 


534 


312139; 1 


60 


641842 


431 


9536601 103 


688182 


534 


311HI8I 




Conine 




I Sine 1 


Cotniig. 
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64 Degrees. 



44 


V26 Degrees.; a 


TAB1.B OF LOGASIinMIC 




"mT 


Sine 


D. 


Cf«im 


D. 


'IViiiu 


D 


OirtaiHe. 




^ 


9.641842 


431 


9.953660 


los 


9.688182 


634 


10.311818 


60 


1 


642101 


431 


963699 


103 


688602 


634 


311498 


59 


2 


642360 


431 


953637 


103 


688823 
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137 


815004 


460 


184996 


51 




11} 
11 


738048 


322 


922768 
9.922686 


138 
138 


815379 


460 


184721 


50 
49 




R. 738241 


322 


9. S 15555 


459 


10.184445 




13 


738434 


322 


922603 


138 


815831 


459 


184169 


■U 




13 


738627 


331 


933529 


138 


8ltjl07 


459 


1838^3 


47 




14 


733820 


331 


922438 


138 


816382 


459 


183618 


46 




IS 


739013 


331 


932355 


138 


816658 


459 


183342 


45 




16 


73W20(> 


321 


932273 


138 


816933 


459 


183967 


44 




t? 


7^498 


331 


933189 


138 


817209 


459 


182^91 


43 




18 


739o99 


320 


933100 


138 


817484 


459 


182516 


43' 




19 


739783 


330 


923023 


138, 


817759 


459 


183341 


41 




^il 


739975 


330 


931940 


138 
139 


81S035 


458 


181965 


40 
39 




9.74ftlfj7 


320 


9,931857 


9.818310 


458 


10,181699 




22 


T49359 


320 


931774 


139 


818585 


458 


181415 


38 




23 


740559 


319 


931091 


139 


818860 


458 


181140 


37 




^1 


74JJ743 


3iy 


921607 


139 


819135 


458 ' 


180865 


36 




'^5 


74^1934 


319 


9215^4 


139 


819410 


458 


180590 


35 




2ii 


741125 


319 


921441 


139 


819684 


458 


180316 


34 




27 


74L3lfS 


319 


931357 


139 


819959 


458 


180041 


33 




an 


741508 


318 


931274 


139 


820334 


459 


1797tm 


32 




2^ 


741699 


318 


931190 


139 


e2050S 


457 


179493 


31 




Jl 


741889 


318 


921107 


139 
139 


820783 
9,821057 


457 
457 


179217 


30 
39 




9,742089 


318 


9.921023 


10.178943 




;i3 


742271 


318 


920939 


140 


821332 


457 


178668 


38 




:w 


7424fi2 


317 


929859 


140 


B21606 


457 


178394 


37 




^1 


742952 


317 


920773 


140 


821880 


457 


178120 


26 




35 


74284a 


317 


930688 


140 


833154 


4^7 


177846 


25 




3G 


743033 


317 


920694 


140 


833429 


467 


177571 


24 




37 


743223 


317 


930530 


140 


822703 


457 


177297 


23 




a^i 


743413 


316 


920436 


140 


822977 


456 


177033 


23 




39 


743(i02 


316 


929352 


140 


823350 


456 


176750 


31 




4U 
41 


71.1792 


316 


920268 


140 
140 


823524 
9.823798 


456 
456 


176476 


30 
19 




9,743982 


316 


9.920184 


10.176302 




42 


744171 


31ti 


920099 


140 


834073 


456 


175928 


18 




43 


744361 


315 


930015 


140 


824345 


456 


175655 


17 




41 


744559 


315 


919931 


141 


834619 


466 


175,^81 


16 




4-1 


744739 


315 


919846 


141 


824S93 


456 


175107 


15 




4rj 


744928 


315 


919762 


141 


825166 


456 


174834 


14 




47 


745117 


315 


919677 


141 


825439 


455 


174561 


13 




4S 


74530G 


314 


919593 


141 


825713 


455 


174287 


13 




VJ 


745404 


314 


919608 


141 


825986 


455 


174014 


11 




50 


74S683 


314 


919424 


14 J 
141 


836259 
9,836632 


; 455 
^455 


173741 
10.173468 


10 
9 




9.745871 


3t4 


9.919339 
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T46059 


3U 


919254 


141 


836805 


455 


173105 


8 




r,:) 


746248 


313 


919169 


'l4l 


837078 


455 


173922 


7 




rvi 


74tH36 


313 


919085 


141 


827351 


4.^5 


172649 


a 




f)r> 


74r>f>24 


313 


919000 


141 


827634 


455 


172376 


3 




^6 


746812 


313 


gr-^Qis 


143 


837897 


454 


172193 


4 




57 


74''>909 


3(3 


9l>t830 


143 


838170 


454 


171830 


3 




5S 


747187 


312 


918745 


143 


838442 


454 


1715,58 


2 




59 


747374 


312 


918659 


142 


828715 


454 


171285 


I 




HO 


747nn3 


312 


918574 


t42 


828987 


454 


171013 


I 
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M. 


Sine 


D. 


1 Cosine 1 D. 


Tang. 


D. 


Cotang. 1 1 


T 


9.747662 


312 


9.918674 


142 


9.828987 


464 


10.17r0l3 


60 


1 


747749 


312 


918489 


142 


829260 


454 


170740 


59 


2 


747936 


312 


918404 


142 


829532 


464 


170468 


68 


3 


748123 


311 


918318 


142 


829805 


464 


170195 


57 


4 


748310 


311 


918233 


142 


830077 


464 


169923 


66 


5 


748497 


811 


918147 


142 


830849 


458 


169651 


55 


15 


748683 


311 


918062 


142 


830621 


468 


169379 


64 


7 


748870 


811 


917976 


143 


830893 


468 


169107 


.53 


8 


749056 


810 


917891 


143 


831166 


463 


168836 


62 


9 


749243 


811) 


917806 


143 


831437 


468 


168663 


61 


10 
11 


749429 


310 


917719 


143 


831709 


468 


168291 


60 

49 


9.749616 


810 


9.917634 


143 


9.831981 


453 


10.168019 


12 


749801 


310 


917648 


143 


832253 


463 


167747 


48 


13 


749987 


300 


917462 


148 


832525 


463 


167476 


47 


14 


760172 


309 


917376 


143 


832796 


453 


167'^04 


46 


15 


760358 


809 


917290 


143 


833068 


462 


166932 


45 


16 


750643 


809 


917204 


143 


833339 


452 


166661 


44 


17 


760729 


809 


917118 


144 


833611 


462 


166389 


43 


18 


760914 


808 


917032 


144 


833882 


452 


166118 
165846 


42 


19 


761099 


308 


916946 


144 


834164 


462 


41 


20 
21 


751284 


308 


916869 


144 

144 


834425 


462 


166575 


40 
39 


9.761469 


808 


9.916773 


9.834696 


462 


10.165304 


22 


751664 


308 


916687 


144 


834967 


452 


165033 


38 


23 


751839 


808 


916600 


144 


836238 


462 


164762 


37 


24 


762023 


807 


916514 


144 


835609 


462 


164491 


36 


25 


762208 


807 


916427 


144 


836780 


461 


164220 


35 


26 


762392 


307 


916341 


144 


836061 


461 


163949 


34 


27 


762576 


807 


916264 


144 


836322 


461 


163678 


33 


28 


752760 


307 


916167 


146 


836693 


451 


163407 


32 


29 


762944 


806 


916081 


146 


836864 


461 


163136 


31 


30 
31 


768128 


306 


915994 


146 


837134 


451 


162866 


30 

29 


9.763312 


306 


9.915907 


146 


9.837405 


451 


10.162595 


32 


753496 


306 


915820 


146 


837675 


461 


162325 


28 


33 


763679 


306 


916733 


146 


837946 


451 


162054 


27 


34 


753862 


305 


916646 


145 


838216 


461 


161784 


26 


35 


764046 


806 


915569 


145 


838487 


450 


161513 


25 


36 


764229 


806 


915472 


146 


838757 


460 


161243 


24 


37 


754412 


8a5 


916385 


146 


«39027 


450 


166973 


23 


38 


764696 


806 


915297 


146 


839297 


450 


160703 


22. 


39 


764778 


304 


916210 


146 


839568 


450 


160432 


21 


40 
41 


764960 


304 


915123 


146 


839838 


450 


160162 


20 


9.786143 


304 


9.916035 


146 


9.840108 


450 


10.159892 


19 


42 


766326 


804 


914948 


146 


840378 


450 


159622 


18 


43 


755508 


304 


914860 


146 


840647 


450 


159353 


17 


44 


755690 


804 


914773 


146 


840917 


449 


159083 


16 


45 


756872 


303 


914685 


146 


841187 


449 


158813 


15 


46 


766054 


803 


914698 


146 


841457 


449 


158543 


14 


47 


766236 


803 


914610 


146 


841726 


449 


158274 


13 


48 


766418 


303 


914422 


146 


841996 


449 


158004 


12 


49 


766600 


303 


914334 


146 


842266 


449 


167734 


11 


50 
51 


756782 
9.766»63 


302 


914246 


147 
147 


842535 


449 


167465 


10 
9 


802 


9.914158 


9.842805 


449 


10.157195 


52 


767144 


302 


914070 


147 


843074 


449 


156926 


8 


53 


757326 


802 


913982 


147 


843343 


449 


156667 


7 


54 


767507 


302 


913894 


147 


843612 


440 


156388 


6 


55 


757688 


301 


913806 


147 


843882 


448 


156118 


6 


56 


757869 


301 


913718 


147 


844151 


448 


155849 


4 


57 


758050 


301 


913630 


147 


844420 


448 


155580 


3 


58 


758230 


301 


913541 


147 


844689 


448 


155311 


2 


59 


758411 


301 


9r3453 


147 


844958 


448 


155042 


1 


60 


758691 


301 


913365 


147 


845227 


448 


154773 
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53 


M 


L ^*"^ 


D. 


Cosine 


D. 


Tanj!. 


D. 


1 Couiiig. 


Q 


'TT 


9.758591 


301 


9.918366 


1471 


9.846227 


448 


10.164773 


60 


1 


758772 


300 


913276 


147 


845496 


448 


164504 


59 


2 


758952. 


860 


913187 


148 


845764 


448 


154236 


58 


3 


759132 


300 


913099 


148 


846033 


448 


163967 


57 


4 


7593121 


300 


913010 


148 


846302, 


448 


153698 


56 


5 


769492 


300 


912922 


148 


846670 


447 


153430 


55 


6 


759672 


299 


912833 


148 


846839 


447 


163161 


54 


7 


769852 


299 


9^12744 


14F 


847107 


447 


152898 


53 


8 


760031 


299 


912656 


148 


847376 


447 


152624 


52 


9 


760211 


299 


912566 


148 


847644 


447 


162356 


61 


10 
11 


760390 


299 


912477 


148 


847913 


447 


152087 


60 
49 


9.760569 


298 


9.912388 


148 


9.848181 


447 


10.151819 


12 


760748 


298 


912299 


149 


848449 


447 


151551 


48 


13 


760927 


298 


912210 


149 


848717 


447 


151283 


47 


14 


761106 


298 


912121 


149 


848986 


447 


151014 


46 


15 


761285 


298 


912031 


149 


849254 


447 


150746 


45 


16 


761464 


298 


911942 


149 


849522 


447 


150478 


44 


17 


761642 


297 


911853 


149 


849790 


446 


150210 


43 


18 


761821 


297 


911763 


149 


850068 


446 


149942 


42 


19 


761999 


297 


911674 


149 


850326 


446 


149675 


41 


20 
21 


762177 


297 


911684 


149 


850593 


446 


149407 


40 
39 


9.762366 


297 


9.911496 


149 


9.850861 


446 


10.149139 


22 


762534 


296 


911406 


149 


851129 


446 


148871 


38 


23 


762712 


296 


911316 


150 


851396 


446 


148604 


37 


24 


762889 


296 


911226 


160 


851664 


446 


148336 


36 


25 


76.3067 


296 


911136 


160 


851931 


446 


148069 


35 


26 


763245 


296 


911046 


160 


862199 


446 


147801 


34 


27 


763422 


296 


910956 


150 


852466 


446 


147634 


33 


28 


763600 


296 


910866 


150 


852733 


446 


147267 


32 


29 


763777 


296 


910776 


150 


853001 


446 


146999 


31 


30 
31 


763964 


296 


910686 


160 
150 


853268 


446 


146732 


30 
29 


9.764131 


296 


9.910596 


9.853535 


445 


10.146465 


32 


764308 


296 


910506 


150 


853802 


446 


146198 


28 


33 


764486 


294 


910416 


160 


854069 


445 


145931 


27 


34 


764662 


294 


910325 


161 


854336 


446 


145664 


26 


35 


764838 


284 


910236 


151 


864603 


445 


145397 


25 


36 


766016 


294 


910144 


161 


854870 


446 


145130 


24 


37 


76619) 


294 


910054 


151 


855137 


446 


144863 


23 


38 


766367 


294 


909963 


151 


856404 


446 


144696 


22 


39 


765544 


293 


909873 


151 


866671 


444 


144329 


21 


40 
41 


765720 


293 


909782 
9.909691 


151 
161 


855938 


444 


144062 


20 
19 


9.766896 


298 


9.866204 


444 


10.143796 


42 


766072 


293 


909601 


161 


856471 


444 


143529 


18 


43 


766247 


293 


909510 


151 


856737 


444 


143263 


17 


44 


766423 


293 


909419 


151 


867004 


444 


142996 


16 


46 


766698 


292 


909328 


162 


867270 


444 


142730 


15 


46 


766774 


292 


909237 


162 


867637 


444 


. 142463 


14 


47 


766949 


292 


909146 


162 


867803 


444 


142197 


1.^ 


48 


767124 


292 


909065 


152 


868069 


444 


141931 


12 


49 


767300 


292 


908964 


152 


858336 


444 


141664 


11 


50 
51 


767476 


291 


908873 
9.908781 


162 
162 


868602 


443 


141398 


10 
9 


9.767649 


291 


9.868868 


448 


10.141132 


52 


767824 


291 


908690 


152 


859134 


443 


140866 


8 


53 


767999 


291 


908599 


152 


869400 


443 


140600 


7 


54 


768173 


391 


908607 


152 


869666 


443 


140334 


6 


55 


768348 


290 


908416 


153 


869932 


443 


140068 


5 


56 


768522 


290 


908324 


163 


866198 


443 


139802 


4 


57 


768697 


290 


908233 


153 


860464 


443 


1395.36 


3 


58 


768871 


290 


908141 


163 


860730 


443 


139270 


2 


69 


76U045 


290 


908049 


153 


866996 


443 


139005 


1 


60 


769219 


290 


907958' 153 


861261 


443 


138739 
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T 
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m^ 
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1 
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i 
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s 
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1 
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6 
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S8^ 
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802589 
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e 
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im 
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7 
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164 
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442 
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8 
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863385 
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y 
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154 
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10 

11 
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907037 
9 900945 


154 
154 


863915 


442 


136985 

10.135820 


,50 
49 

48 


288 


9.854180 


442 


IS 


771298 


887 


906852 


UA 


8fl4445 


442 


135.555 


13 


771470 


S87 


9067iiO 


UA 


804710 


442 


135290 
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14 


771643 


287 


9056^7 


154 


864975 


441 
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46 


L5 


771815 


S87 


906575 


15*1 


805240 


441 


134760 


45 


Lti 


771 fly 7 


287 


900482 


154 


SG5505 


441 


13'U9.5 


44 


[7 


772159 


287 


900389 


155 


805770 


441 


13-1230 
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77S331 


SH*> 


900296 


155 


80(i035 


441 


133905 
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IB 
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155 


806300 


441 


133700 
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77'iiti75 
9.77'-j847 
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900111 


155 
155 


8006HI! 


441 


133430 


40 
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9.806829 


441 


10.133171 


TZ 
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£8fi 


905925 


155 


867094 


44] 
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3t» 


^3 
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905832 
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807358 


441 


132642 


37 


24 


7733fH 


285 


3(K5730 
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867623 


441 


132377 


3G 


tir> 


773rj3:| 


285 


9(^5645 


155 


867387 


441 


132113 


35 
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7737((4 


285 


905552 


155 


808162 


440 


131848 


a4 


y? 


773:^75 


S85 


905459 


155 


808416 


440 


131584 


33 
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440 
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32 


;2y 
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285 
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808945 


440 


131055 
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2M 
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9,905085 


156 
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869209 
9*809*473 
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130791 
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7747^29 
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904^*93 


150 


809737 


440 


130363 


m 
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7748^9 


384 


904898 


150 


870001 


440 


129999 


27 
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7751*70 


284 


904804 


15fl' 


e7i>205 


440 


129735 


2<S 


:j5 


77r>il4U 


284 


904711 


156 


870529 


440 


129471 


25 


art 


775410 


283 


904^17 


156 


870793 


440 


129207 


24 


37 


77551^0 


283 


9045i3 


15f> 


871057 


440 


128943 


23 


m 


775750 


38:1 


90M39 


157 


871321 


440 


128079 


32 


:iu 


775HaO 


28:! 


90 J 335 


157 


871585 


440 


128415 


21 




7760:i0 


283 


904241 
9.904147 


157 
157 


871849 


439 


128 J 51 


20 

19 


y.77«iit5y 


283 


9.872112 


439 


10.127888 


■1:^ 


77ti4'^9 


383 


90ll>53 


157 


872370 


439 


127624 


18 


4H 


776598 


282 


903959 


157 


872640 


439 


127360 


17 


44 


77G7(>8 


K82 


903HG4 


157 


872903 


439 


'37097 


16 


i:^ 


77f;il37 


282 


903770 
903076 


157 


873107 


439 


126833 


15 


,4B 


7^7106 


282 


167 


B73430 


439 


1265Y0 


14 


47 


777^75 


281 


9035B1 


157 


873094 


439 


120306 


13 


4H 


777444 


281 


903487 


157 


873957 


439 


126043 


12 


49 


777613 


281 


903392 


158 


874221* 


439 


125780 


11 


5U 
51 


777781 


281 


003298 
9,9O320:j 


158 
158 


B74484 


439 


125516 
10.125253 


lO 


9.777950 


2fll 


9.874747 


439 


52 


7781 !9 


281 


903108 


158 


875010 


439 


124990 


S 


53 


7imH7 


280 


90H014 


15** 


875273 


438 


124727 


1 


.-14 


778455 


280 


902919 


158 


875536 


438 


124464 


6i 


-^fl 


7781524 


280 


902824 


158 


875800 


438 


124200 


5 


ftfi 


778792 


280 


9(»2729 


158 


876063 


438 


123937 


4 


57 


778060 


280 


902634 


158 


876326 


43.8 


123074 


3 


5^ 


779!2rt 


38U 


902539 


159 


8705.S9 


438 


133411 


2 


5t* 


779295 


279 


9(i2444 


159 


875851 


438 


123149 


1 


fjl) 


7794*^3 


279 


902349i 1591 


877114 


438 


122886 


i\ 


1 


C-*?lr-H 1 




ai..*^ 1 [ 


i:Lrt:ititf, 1 




Tn.iv!. i1 1 



53 IKfKretis. 





J 


SINES AND TANGENTS. ^37 Degrees.) 


bb 


M. 


Sine 


I). 


C<.8ine 1 n. 


Tfiiig. 


D. 


i Cotariff. f 




"O" 


9.779463 


279 


9.902349 


159 


9.877114 


438 


l6. 122886 


IS 


1 


779631 


279 


902253 


159 


877377 


438 


122623 


59 


2 


779798 


279 


902168 


159 


877640 


438 


122360 


58 


3 


779966 


279 


902063 


169 


877903 


438 


122097 


67 


4 


780133 


279 


901967 


169 


878165 


438 


121835 


56 


5 


780300 


278 


901872 


169 


878428 


438 


121672 


66 


6 


780467 


278 


901776 


169 


878691 


4.38 


121309 


64 


7 


780634 


27S 


901681 


169 


878953 


437 


121047 


63 


8 


780801 


278 


901585 


159 


879216 


437 


120784 


62 


9 


780968 


278 


901490 


169 


879478 


437 


120622 


51 


10 
11 


781134 


278 


901394 


160 


879741 


437 


120269 


60 


9.781301 


277 


9.901298 


160 


9.880003 


437 


10.119997 


49 


12 


781468 


277 


901202 


160 


880266 


437 


119796 


48 


13 


781634 


277 


901106 


160 


880628 


437 


119472 


47 


14 


781800 


277 


901010 


160 


880790 


437 


119210 


46 


15 


781966 


277 


900914 


160 


881052 


437 


118948 


46 


16 


782132 


277 


900818 


16-) 


881314 


437 


118686 


44 


17 


782298 


276 


900722 


160 


881676 


437 


118424 


43 


18 


782464 


276 


900626 


160 


881839 


437 


118161 


42 


19 


782630 


276 


900529 


160 


882101 


437 


117899 


41 


20 


782796 


276 


900433 


161 


882363 


436 


117637 


40 


21 


9.782961 


276 


9.900337 


161 


9.882626 


436 


10.117376 


39 


22 


783127 


276 


900240 


161 


882887 


436 


117113 


38 


23 


783292 


. 275 


900144 


161 


883148 


436 


116852 


37 


24 


783458 


276 


900047 


161 


88.3410 


436 


116690 


36 


25 


783623 


275 


899951 


161 


883672 


436 


116328 


36 


26 


783788 


275 


899854 


161 


883934 


436 


116066 


34 


27 


783953 


275 


899757 


161 


884196 


m 


115804 


33 


2S 


784118 


275 


899660 


161 


884457 


116.543 


32 


29 


784282 


274 


899564 


161 


884719 


436 


116281 


31 


30 
31 


784447 


274 


899467 


162 
162 


884980 


436 


115020 


30 


9.784612 


274 


9.899370 


9.885242 


436 


10.114758 


29 


32 


784776 


274 


899273 


162 


885603 


436 


114497 


28 


33 


784941 


274 


899176 


162 


885766 


436 


114238 


27 


34 


785105 


274 


899078 


162 


886026 


436 


113974 


26 


35 


785269 


273 


898981 


162 


886288 


436 


113712 


26 


36 


785433 


273 


898884 


162 


886549 


436 


113461 


24 


37 


785597 


273 


898787 


162 


886810 


436 


113190 


23 


38 


785761 


273 


898689 


162 


887072 


436 


112928 


22 


39 


785925 


273 


898592 


162 


887333 


435 


112667 


21 


40 
41 


786089 


273 


898494 


163 
163 


887594 


4.35 


112406 


20 
19 


9.7862.52 


272 


9.898397 


9.887855 


435 


10.112146 


42 


786416 


272 


898299 


163 


888116 


435 


111884 


18 


43 


786579 


272 


898202 


163 


888377 


436 


111623 


17 


44 


786742 


272 


898104 


163 


888639 


435 


111361 


16 


45 


786906 


272 


898006 


163 


888900 


435 


111100 


16 


46 


787069 


272 


897908 


163 


889160 


435 


110840 


14 


47 


787232 


271 


897810 


163 


889421 


436 


110679 


13 


48 


787395 


271 


897712 


163 


889682 


435 


110318 


12 


49 


787557 


271 


897614 


163 


889943 


435 


110057 


11 


50 
51 


787720 
9.787883 


271 
271 


897516 


163 
164 


890204 


434 


109796 


10 
9 


9.897418 


9.890465 


434 


10.1095.35 


52 


7S8045 


271 


897320 


164 


890725 


434 


109275 


8 


53 


788208 


271 


897222 


164 


890986 


434 


109014 


7 


54 


788370 


270 


897123 


164 


891247 


434 


108753 


6 


55 


788632 


270 


897025 


164 


891.507 


434 


108493 


6 


56 


788694 


270 


896926 


164 


891768 


434 


108232 


4 


57 


788856 


270 


896828 


164 


892028 


434 


107972 


3 


58 


789018 


270 


890729 


164 


892289 


434 


197711 


2 


59 


789180 


270 


896631 


164 


892549 


434 


107451 


1 


60 


789342 


269 


896532 


164 


892810 


434 


107190 





n 


CosUw. 




Sine I 


Cutaiig. 




Tang. 





52 i>«greea 



66 


(38 Degrees.) a 


TABU or LOOASITHMIC 




2 


8lne 


D. 


(Inpino 


rD:i 


TaiiH. 


D. 


Cotane. | 


" 


9.789342 


269 


9.896532 


164 


9.892810 


434 


10.107190,60 


1 


789504 


269 


896433 


165 


893070 


434 


106930 59 


% 


789665 


269 


896335 


165 


893331 


434 


106669 58 


3 


789827 


269 


896236 


165 


893591 


434 


1064O9 57 


4 


789988 


269 


896137 


165 


893851 


4.34 


I06l4fl 


) 66 


6 


790149 


269 


896038 


165 


894111 


434 


10688S 


1 55 


6 


790310 


268 


895939 


165 


894371 


434 


10562S 


64 


7 


790471 


968 


895840 


165 


894632 


433 


105368 


63 


8 


790632 


268 


895741 


165 


894892 


433 


105108 


52 


9 


790793 


268 


895641 


165 


895152 


433 


104848(51 1 


10 
11 


790954 


268 


895542 


165 


895412 


433 


104588 


50 


9.791115 


268 


9.895443 


166 


9.895672 


433 


10,104328 


49 


12 


► 791275 


267 


895343 


166 


895932 


433 


104068 


48 


13 


791436 


267 


895244 


166 


896192 


433 


103808 


47 


14 


791596 


267 


895145 


166 


896452 


433 


103.548 


46 


15 


791757 


267 


895045 


166 


896712 


433 


103288 


45 


16 


791917 


267 


894945 


166 


896971 


433 


103029 


44 


17 


792077 


267 


894846 


166 


897231 


433 


102769 


43 


18 


792237 


266 


894746 


166 


897491 


433 


102509 


42 


19 


792397 


266 


894646 


166 


897751 


433 


102249 


41 


20 

21 


792557 


266 


894546 


166 

167 


898010 


433 


101990 


40 
39 


9.792716 


266 


9.894446 


9.898270 


4:^3 


10.101730 


22 


792876 


266 


894346 


167 


898530 


433 


101470 


38 


23 


793035 


266 


894246 


167 


898789 


433 


101211 


37 


24 


793195 


265 


894146 


167 


899049 


4.32 


100951 


36 


25 


793354 


265 


894046 


167 


899308 


432 


100692 


35 


26 


793514 


265 


893946 


167 


899568 


432 


100432 


34 


27 


793673 


265 


893846 


167 


899827 


432 


100173 


33 


28 


793832 


2G5 


893745 


167 


900086 


432 


099914 


32 


29 


793991 


265 


893645 


167 


900346 


432 


099654 


31 


30 
3l 


794150 


264 


893544 


167 


900605 


432 


099396 


30 

29 


9.794308 


264 


9.893444 


T68 


9.900864 


432 


10.099136 


32 


794467 


264 


893343 


168 


901124 


432 


098876 


28 


33 


794626 


264 


893243 


168 


901383 


432 


098617 


27 


34 


794784 


264 


893142 


168 


901642 


432 


098358 


26 


35 


794942 


264 


893041 


168 


901901 


432 


098099 


25 


36 


795101 


264 


892940 


168 


902160 


432 


097840 


24 


37 


795259 


263 


892839 


168 


902419 


432 


097581 


23 


38 


795417 


263 


892739 


168 


902679 


432 


097321 


22 


39 


795575 


263 


892638 


168 


902938 


432 


097062 


21 


40 
41 


795733 


263 


892536 
9.892435 


168 
169 


903197 


431 


096803 


20 
'19 


9.795891 


263 


9.903455 


431 


10.096545 


42 


796049 


263 


892334 


169 


903714 


431 


096286 


18 


43 


796206 


263 


892233 


169 


903973 


431 


096027 


17 


44 


796364 


262 


892132 


169 


904232 


431 


095768 


16 


45 


796521 


262 


892030 


169 


904491 


431 


095509 


15 


46 


796679 


262 


891929 


169 


904750 


431 


095250 


14 


47 


796836 


262 


891827 


169 


905008 


431 


094992 


13 


48 


796993 


262 


891726 


169 


905267 


431 


094733 


12 


49 


797150 


261 


891624 


169 


905526 


431 


094474 


11 


50 
51 


797307 


261 


891523 


170 
170 


905784 


431 


094216 


10 
9 


9.797464 


261 


9.891421 


9.906043 


431 


10.093957 


52 


797621 


261 


891319 


170 


906302 


431 


093698 


8 


53 


797777 


261 


891217 


170 


906560 


4:51 


093440 


7 


54 


797934 


261 


891115 


170 


906819 


431 


093181 


6 


55 


798091 


261 


891013 


170 


907077 


431 


092923 


5 


56 


79S247 


261 


890911 


170 


907336 


431 


092664 


4 


57 


798403 


260 


890809 


170 


907594 


431 


092406 


3 


58 


798560 


260 


890707 


170 


907852 


431 


092148 


2 


59 


798716 


260 


890605 


170 


908111 


430 


091889 


1 


60 


798872 


260 


890503 


170 


908369 


430 


091631 





Cosine 1 1 


Sine 1 


(y'otaiic 




1 tang. M 1 



51 n*^ffree« 





SINES AND TANGEKTS. (39 DegTCeS.) 


57 


M. 


Sine 


D. 


Conine | D. 


Tang. 


D. 


Cotang. 1 1 


~o" 


9.798872 


260 


9.890503 


170 


9.908369 


430 


10.091631 


60 


1 


799028 


260 


890400 


171 


908628 


430 


091372 


69 


2 


799184 


260 


890298 


171 


908886 


430 


091114 


68 


3 


799339 


269 


890195 


171 


909144 


430 


090856 


67 


4 


799495 


259 


890093 


171 


909402 


430 


090598 


66 


5 


799651 


269 


889990 


171 


909660 


430 


090340 


65 


6 


799806 


259 


889888 


171 


909918 


430 


090082 


64 


7 


799962 


269 


889785 


171 


910177 


430 


089823 


63 


8 


800117 


259 


889682 


171 


910435 


430 


089666 


62 


9 


800272 


268 


889579 


171 


910693 


430 


089307 


61 


10 
11 


800427 


268 


889477 
9.889374 


171 
172 


910951 


430 


089049 


60 
49 


9.800582 


268 


9.911209 


430 


10.088791 


12 


800737 


268 


889271 


172 


91U67 


430 


088533 


48 


13 


800892 


268 


889168 


172 


911724 


430 


088276 


47 


14 


801047 


268 


889064 


172 


911982 


430 


088018 


46 


15 


801201 


268 


888961 


172 


912240 


430 


087760 


46 


16 


801356 


267 


888868 


172 


912498 


430 


087502 


44 


17 


801511 


2.57 


888755 


172 


912756 


430 


0872U 
086981 


43 


18 


801665 


257 


888651 


172 


913014 


429 


42 


19 


801819 


267 


888648 


172 


913271 


429 


086729 


•41 


20 
21 


801973 


287 


888444 


173 
173 


913529 


429 


086471 


40 
39 


9.802128 


267 


9.888341 


9.913787 


429 


10.086213 


22 


802282 


266 


888237 


173 


914044 


429 


085956 


38 


23 


802436 


266 


888134 


173 


914302 


429 


086698 


37 


24 


802589 


266 


888030 


173 


914560 


429 


086440 


36 


25 


802743 


266 


887926 


173 


914817 


429 


086183 


35 


26 


802897 


256 


887822 


173 


915075 


429 


084926 


34 


27 


803050 


256 


887718 


173 


915332 


429 


084668 


33 


28 


803204 


256 


887614 


173 


915590 


429 


084410 


32 


29 


803357 


256 


887510 


173 


915847 


429 


084163 


31 


30 
31 


803511 


256 


887406 


174 
174 


916104 


429 


083896 


30 
29 


9.803664 


255 


9.887302 


9.916362 


429 


10.083638 


32 


803817 


266 


887198 


174 


916619 


429 


083381 


28 


33 


803970 


266 


887093 


174 


916877 


429 


083123 


27 


34 


804123 


256 


886989 


174 


917134 


429 


082866 


26 


35 


804276 


264 


886885 


174 


917391 


429 


082609 


26 


36 


804428 


264 


886780 


174 


917648 


429 


082352 


24 


'•'^ 


804581 


254 


886676 


174 


917906 


429 


082096 


23 


38 


804734 


254 


886571 


174 


918163 


428 


081837 


291 


39 


804886 


264 


886466 


174 


918420 


428 


08^580 


21 


40 
41 


805039 


254 


886362 


175 
176 


918677 


428 


081323 


20 
19 


9.805191 


264 


9.886257 


9.918934 


428 


10.081066 


42 


805343 


253 


886152 


176 


919191 


428 


080809 


18 


43 


806496 


253 


886047 


176 


919448 


428 


080552 


17 


44 


805647 


253 


886942 


176 


919705 


428 


080295 


16 


45 


805799 


253 


886837 


176 


919962 


428 


080038 


16 


46 


805951 


253 


886732 


176 


920219 


428 


079781 


14 


47 


806103 


2.53 


885627 


176 


920476 


428 


079524 


13 


48 


806254 


263 


885522 


176 


920733 


428 


079267 


12 


49 


806406 


252 


885416 


175 


920990 


4!^8 


079010 


11 


50 
61 


806567 


262 


885311 


176 


921247 


428 


078753 


10 
9 


9.806709 


252 


9.886206 


176 


9.921508 


428 


10.078497 


52 


806860 


262 


885100 


176 


921760 


428 


078240 


8 


53 


807011 


262 


884994 


176 


922017 


428 


077983 


7 


54 


807163 


252 


884889 


176 


922274 


428 


077726 


6 


55 


807314 


252 


884783 


176 


922530 


428 


077470 


6 


56 


807465 


251 


884677 


176 


922787 


428 


077213 


4 


57 


807615 


251 


884572 


176 


923044 


428 


076956 


3 


58 


807766 


251 


884466 


176 


923300 


428 


076700 


3 


59 


807917 


251 


884360 


176 


923557 


427 


076443 


1 


60 


808067 


251 


884254 


177 


923813 


427 


076187 







C(K«iue 1 




Sin« 


Co.aii'i. 




Tanu. 


W 



so Degrees. 



SB 


f 40 Degrees^ a 


TABisM OF LOGARITHMIC 




M. 


SMie 


D. 


C<i*>in« 


D. 


Tang. 


D. 


C(iuiii|£. 1 I 





9.808067 


261 


9.884254 


l77 


9.923813 


427 


10.076187 


60 


1 


808218 


251 


884148 


177 


924070 


427 


OT.'iQ-^O 


59 


^ 


808368 


261 


884042 


177 


924327 


427 


075673 


58 


3 


808519 


260 


883936 


177 


924583 


427 


075417 


57 


4 


808669 


250 


883829 


177 


924840 


427 


075160 


56 


5 


808819 


2.60 


883723 


177 


92.6096 


427 


0749041551 


6 


808969 


260 


883617 


177 


925352 


427 


074648 


54 


7 


809119 


260 


883510 


177 


926609 


427 


074391 


53 


8 


809269 


260 
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201 


980538 


422 


019462 


17 


44 


839668 


220 


868877 


201 


980791 


421 


D19209 


10 


45 


839800 


220 


868766 


202 


981044 


421 


018966 


16 


46 


839932 


220 


868635 


202 


981297 


421 


018703 


14 


47 


840064 


219 


858614 


202 


981560 


421 


018460 


13 


48 


840196 


219 


858393 


202 


981803 


421 


018197 


12 


49 


840328 


219 


868272 


202 


982066 


421 


017944 


11 


50 
51 


840459 


219 


868161 


202 
202 


982309 


421 


017691 


10 
9 


9.840691 


219 


9.858029 


9.982.562 


421 


10.017438 


62 


840722 


219 


867908 


202 


982814 


421 


017186 


8 


53 


840854 


219 


867786 


202 


983067 


421 


016933 


7 


54 


840986 


219 


857665 


203 


983320 


421 


016680 


6 


65 


841116 


218 


857543 


203 


983573 


421 


016427 


6 


56 


841247 


218 


867422 


203 


983826 


421 


016174 


4 


57 


841378 


218 


867300 


203 


984079 


421 


015921 


3 


58 


841509 


218 


867178 


203 


984331 


421 


016669: 2 


59 


841640 


218 


857056 


203 


984584 


421 


016416 1 


60 


841771 


218 


856934 


203 


984837 


421 


016163' 




Cmine 




Bine 


1 Cotang. 


' ' 1 Tang. M \ 



46 Def reen 



62 


(44 Degrees.) a 


TABLE OF LOOARITHJIIC 




n- 


Sum 


D. 


C'cwliie 


l». 


TniiK. 


-^ 


Colmw. 







•.841771 


218 


9.856934 


203 


9.984837 


421 


10.015163 


6U 


1 


841902 


218 


856812 


203 


98.5090 


421 


014910 


59 


2 


842033 


218 


8.56690 


204 


985343 


421 


014657 


58 


:) 


842163 


217 


856568 


204 


985596 


421 


014404 


57 


4 


842294 


2i7 


8.56446 


204 


985848 


421 


014152 


56 


5 


. 842424 


217 


856323 


204 


986101 


421 


013899 


55 


6 


842555 


217 


856201 


204 


986354 


421 


013646 


54 


7 


842685 


217 


856078 


204 


986607 


421 


013393 


53 


8 


842815 


217 


855956 


204 


986860 


421 


013140 


52 


9 


842946 


217 


855833 


204 


987112 


421 


012888 


51 


10 
li 


843076 


217 


855711 


205 
205 


987365 


421 


012635 


50 


9.843206 


216 


9.85S588 


9.987618 


421 


10.012382 


49 


12 


843336 


216 


855465 


205 


987871 


421 


012129 


48 


13 


843466 
843595 


216 


855342 


205 


988123 


421 


011877 


47 


14 


216 


855219 


205 


988376 


421 


011624 


46 


15 


843725 


216 


855096 


205 


988629 


421 


011371 


45 


16 


843855 


216 


854973 


205 


988882 


421 


011118 


44 


17 


843984 


216 


854850 


205 


989134 


421 


010866 


43 


18 


844114 


215 


854727 


206 


989.387 


421 


010613 


42 


19 


844243 


215 


854603 


206 


989640 


421 


010360 


41 


20 

21 


844372 


215 


854180 


206 


989893 


421 


010107 


40 


9.844502 


•215 


9.854.356 


206 


9.990145 


421 


10.009855 


39 


22 


844631 


215 


854233 


206 


990398 


421 


009602 


38 


23 


844760 


215 


854109 


206 


990651 


421 


009349 


37 


24 


844889 


215 


853986 


206 


990903 


421 


009097 


36 


25 


845018 


215 


853862 


206 


991156 


421 


008844 


35 


26 


845147 


215 


853738 


206 


991409 


421 


008591 


34 


27 


84527fr 


214 


853614 


207 


991662 


421 


008338 


33 


28 


845405 


214 


853490 


207 


991914 


421 


008086 


32 


29 


845533 


214 


853366 


207 


992167 


421 


007833 


31 


30 
31 


845662 
9.845790 


214 


853242 

9.853118 


207 
207 


992420 


421 


007580 


30 
29 


214 


9.992672 


421 


10.007328 


32 


845919 


214 


852994 


207 


992925 


421 


007075 


28 


33 


846047 


214 


852869 


207 


993178 


421 


006822 


27 


34 


846175 


214 


852745 


207 


993430 


421 


006570 


26 


35 


846304 


214 


852620 


207 


993683 


421 


006317 


25 


36 


846432 


213 


852496 


208 


993936 


421 


006064 


24 


37 


846560 


213 


852371 


208 


994189 


421 


005811 


23 


38 


846688 


213 


852247 


208 


994441 


421 


005559 


22 


39 


8408 16 


213 


852122 


208 


994694 


421 


005306 


21 


40 


8-46944 


213 


851997 


208 


994947 


421 


005053 


20 


41 


9.847071 


213 


9.851872 


208 


9.995199 


421 


10.004801 


19 


42 


847199 


213 


851747 


208 


995452 


421 


004548 


18 


43 


847327 


213 


851622 


208 


995705 


421 


004295 


17 


44 


847454 


212 


851497 


209 


995957 


421 


004043 


16 


4ft 


847582 


212 


851372 


209 


996210 


421 


003790 


15 


46 
47 


847709 


212 


851246 


209 


996463 


421 


003537 


14 


847836 


212 


851121 


209 


996715 


421 


003285 


13 


847964 


212 


850996 


209 


996968 


421 


003032 


12 


49 


848091 


212 


850870 


209 


997221 
997473 


421 


002779 


11 


50 
51 


848218 


212 


850745 
9.850619 


209 
209 


421 


002527 
10.002274 


10 
9 


9.848345 


212 


9.997726 


421 


52 


848472 


211 


850493 


210 


997979 


421 


002021 


8 


53 


848599 


211 


850368 


210 


998231 


421 


001769 


7 


54 


848726 


211 


850242 


210 


998484 


421 


001516 


6 


55 


848852 


211 


850116 


210 


998737 


421 


001263 


5 


56 


848979 


211 


849990 


210 


998989 


421 


00101 1 


4 


57 


849106 


211 


849864 


210 


999242 


421 


000758 


3 


58 


843232 


211 


849738 


210 


999495 


421 


000505 


2 


59 


849359 


211 


849611 


210 


999748 


421 


000253 


1 


60^ 


849485 


211 


849485 


210 


10.000000 


421 


000000 0] 


CiiHiiie 1 


Sine 


Conng. 




Tang. 1 M. , 



45 Degrees. 



A TRAVERSE TABLE 



SHOWINO THB DIFriBBHOB OF 



LATITUDE AND DEPARTURE 



FOR DISTANCS8 BBTWBSIf 1 AND 100, Ain> fOR ANGLBB 
TO QUARTER DBORBB8 BBTWBBM 0^ AND 90^. 
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TRAVERSE TABLE. 





1 


iDeg. 


iDeg. 


fDeg. 


1 




LaU 


Dep. 


Lat. 


Dep. 
0.01 


Lat. 


Dep. 




1.00 


0.00 


1.00 


1.00 


0.01 




8 


2.00 


0.01 


2.00 


0.02 


2.00 


0.08 


2 




8 


3.00 


0.01 


8.00 


0.03 


8.00 


0.04 


3 




4 


4.00 


0.02 


4.00 


0.08 


4.00 


0.05 


4 




6 


5.00 


0.02 


5.00 


0.04 


5.00 


0.07 


5 




6 


6.00 


0.03 


6.00 


0.05 


6.00 


0.08 


6 




7 


7.00 


0.03 


7.00 


0.06 


7.00 


0.09 


7 




8 


8.00 


0.03 


8.00 


0.07 


8.00 


0.10 


8 




9 


9.00 


0.04 


9.00 


0.08 


9.00 


0.12 


9 




10 
U 


10.00 


0.04 


10.00 
11.00 


0.09 
0.10 


10.00 
11.00 


0.13 


10 

if 




11.00 


0.05 


0.14 




12 


12.00 


0.05 


12.00 


0.10 


12.00 


0.16 


12 




13 


13.00 


0.06 


13.00 


0.11 


13.00 


0.17 


13 




14 


14.00 


0.06 


14.00 


0.12 


14.00 


0.18 


14 




15 


15.00 


0.07 


15.00 


0.13 


15.00 


0.20 


15 




16 


16.00 


0.07 


16.00 


0.14 


16.00 


0.21 


16 




17 


17.00 


0.07 


17.00 


0.15 


17.00 


0.22 


17 




18 


18.00 


0.08 


18.00 


0.16 


18.00 


0.24 


18 




19 


19.00 


0.08 


19.00 


0.17 


19.00 


0.25 


19 




20 
21 


20.00 


0.09 
0.09 


20.00 


0.17 
0.18 


20.00 
21.00 


0.26 


20 

21 


21.00 


21.00 


0.27 




22 


22.00 


0.10 


22.00 


0.19 


22.00 


0.29 


22 




2.3 


23.00 


0.10 


23.00 


0.20 


23.00 


0.80 


23 




24 


24.00 


0.10 


24.00 


0.21 


24.00 


0.31 


24 




25 


26.00 


0.11 


25.00 


0.22 


25.00 


0.33 


26 




26 


26.00 


0.11 


26.00 


0.23 


26.00 


0.34 


26 




27 


27.00 


0.12 


27.00 


0.24 


27.00 


0.35 


27 




28 


28.00 


0.12 


28.00 


0.24 


28.00 


0.37 


28 




29 


29.00 


0.13 


29.00 


0.25 


29.00 


0.38 


29 




30 
31* 


30.00 


0.13 
0.14 


30.00 


0.26 
0.27 


80.00 
81.00 


0.39 
0.41 


30 
31 




31.00 


31.00 




32 


32.00 


0.14 


32.00 


0.28 


82.00 


0.42 


32 




33 


33.00 


0.14 


33.00 


0,29 


83.00 


0.43 


33 




34 


34.00 


0.15 


34.00 


0.30 


84.00 


0.45 


34 




35 


36.00 


0.15 


35.00 


0.31 


36.00 


0.46 


35 




36 


36.00 


0.16 


36.00 


0.31 


36.00 


0.47 


36 




37 


37.00 


0.16 


37.00 


0.32 


37.00 


0.48 


37 




38 


38.00 


0.17 


38.00 


0.33 


38.00 


0.50 


38 




39 


39.00 


0.17 


39.00 


0.34 


89.00 


0.51 


39 




40 

41 


40.00 
41.00" 


0.17 
0.18 


40.00 
41.00 


0.35 
0.36 


40.00 
41.00 


0.52 


40 
41 




0.6a 




42 


42.00 


0.18 


42.00 


0.31 


42.00 


0.55 


42 




43 


43.00 


0.19 


43.00 


0.38 


43.00 


0.56 


43 




44 


44.00 


0.19 


44.00 


0.38 


44.00 


0..58 


44 




45 


45.00 


0.20 


45.00 


0.39 


45.00 


0.59 


45 




46 


46.00 


0.20 


46.00 


0.40 


46.00 


0.60 


46 




47 


47.00 


0.21 


47.00 


0.41 


47.00 


0.62 


47 




48 


48.00 


0.21 


48.00 


0.42 


48.00 


0.63 


48 




49 


49.00 


0.21 


49.00 


0.43 


49.00 


0.64 


49 




1 Distance, g 


50.00 
Dep. 


0.22 
Lat. 


50.00 


0.44 
Lat. 


50.00 
Dep. 


0.65 


60 




Dep. 


Lat. 




891 Deg. 


89 j Deg. 


89i Deg. 



TRAVKS8E TABLE. 



5 


iDeg. 


iDeg. 


|Deg. 


"5l 


E* 














s 

? 

51 


Lat. 


Dep. 


Lat. 


Dep. 


Lau 
61.00 


Dep. 


51.00 


0.22 


51.00 


0.45 


0.67 


52 


52.00 


0.23 


52.00 


0.45 


52.00 


0.68 


62 


63 


53.00 


0.23 


53.00 


0.46 


53.00 


0.60 


53 


54 


54.00 


0.24 


64.00 


0.47 


54.00 


0,71 


54 


56 


55.00 


0.24 


55.00 


0.48 


55.00 


0,7S 


55 


66 


56.00 


0.24 


56.00 


0.49. 


56.00 


0.73 


56 


57 


57.00 


0.25 


57.00 


0.50 


57.00 


0.75 


57 


58 


58.00 


0.25 


58.00 


0..51 


57.99 


0.76 


58 


59 


59.00 


0.26 


59.00 


0.51 


58.99 


0.77 


59 


60 
61 


60.00 


0.26 


60.00 
61.00 


0.52 


59.99 
60.99 


0.79 


60 
«1 


61.00 


0.27 


0.53 


0.30 


62 


62.00 


0.27 


62.00 


0.54 


61.99 


0.81 


tf2 


63 


63.00 


0.27 


63.00 


0.55 


62.99 


O.H^ 


63 


64 


64.00 


0.28 


64.00 


0.56 


63.99 


0.84 


64 


65 


65.00 


0.28 


65.00 


0.57 


64.99 


0,85 


65 


66 


66.00 


0.29 


66.00 


0.58 


65.99 


0.86 


66 


67 


67.00 


0.29 


67.00 


0.58 


66.99 


0.88 


67 


68 


68.00 


0.30 


68.00 


0.59 


67.99 


0,d9 


68 


69 


69.00 


0.30 


69.00 


0.60 


68.99 


0.90 


69 


70 
71 


70.00 


0.31 


70.00 
7K0O 


0.61 


69. y9 
70.99 


0.92 


70 
71 


71.00 


0.31 


0.62 


0.93 


72 


72.00 


0.31 


72. M 


0.63 


7i.99 


0.94 


72 


73 


73.00 


0.32 


7:J.(K) 


0.64 


72.99 


0.96 


78 


74 


74.00 


0.32 


71J)0 


0.65 


73.99 


0.97 


74 


75 


75.00 


0.33 


75.00 


0.65 


74.99 


0.98 


75 


76 


76.00 


0.33 


76.00 


0.66 


75.99 


0.99 


76 


77 


77.00 


0.34 


77.00 


0.67 


76.99 


1.01 


77 


78 


78.00 


0.34 


7?^.00 


0.68 


77.99 


1.02 


78 


79 


79.00 


0.34 


79.00 


0.69 


7S.y9 


1.03 


79 


80 


80.00 


0.35 


80.00 


0.70 


79.99 


1.06 


80 


81 


81.00 


0.35 


81.00 


0.71 


80.99 


1.06 


81 


82 


82.00 


0.36 


82.00 


0.72 


8K99 


1.07 


82 


83 


83.00 


0.36 


83.00 


0.72 


83.99 


1.09 


88 


84 


84.00 


0.37 


84.00 


0.73 


83.99 


1.10 


84 


85 


85.00 


0.87 


85.00 


0.74 


84.99 


1.11 


85 


86 


86.00 


0.38 


86.00 


0.75 


85.99 


1.13 


86 


87 


87.00 


0.38 


87.00 


0.76 


86.99 


1.14 


87 


88 


88.00 


0.38 


88.00 


0.77 


87.99 


1.15 


88 


89 


89.00 


0.39 


89.00 


0.78 


88,99 


1.16 


89 


90 
91 


90.00 
91.00 


0.39 


90.00 
91.00 


0.79 


89.99 
90.99 


1.18 


90 
91 


0.40 


0.79 


1.19 


92 


92.00 


0.40 


92.00 


0.80 


91.99 


1.20 


92 


93 


93.00 


0.41 


93.00 


0.81 


92.99 


1.22 


93 


94 


94.00 


0.41 


94.00 


0.82 


93.99 


1.23 


94 


95 


»o.00 


0.41 


95.00 


0.83 


94.99 


1.24 


95 


96 


96.00 


0.42 


96.00 


0.84 


95.99 


1.26 


96 


97 


97.00 


0.42 


97.00 


0.85 


96.99 


1.27 


97 


98 


98.00 


0.43 


98.00 


0.86 


97.99 


1.28 


tt8 


99 


99.00 


0.43 


99.00 


0.86 


98.99 


1.30 


99 


100 

1 


100.00 


0.44 
Lat. 


100.00 
Dep. 


0.87 


99.99 
Dep. 


1.31 


100 


Dep. 


Lat. 


Lat. 












^ 


89] 


Deg. 


89^1 


Oeg. 


89^] 


Oeg. 



TRAVRR8B TABLE. 





1 Deg. U Deg. 


IJDeg. 


11 Deg. 


C 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1.00 


0.02 


1.00 


0.02 


1.00 


0.03 


1.00 


0.03 


1 


3 


2.00 


0.03 


2.00 


0.04 


2.00 


0.05 


2.00 


0.06 


2 


3 


3.00 


0.05 


3.00 


0.07 


3.00 


0.08 


3.00 


0.09 


3 


4 


4.00 


0.07 


4.00 


0.09 


4.00 


0.10 


4.00 


0.12 


4 


5 


5.00 


0.09 


5.00 


0.11 


5.00 


0.13 
0.16 


5.00 


0.15 


5 


6 


6.00 


0.10 


6.00 


0.13 


6.00 


6.00 


0.18 


6 


7 


7.00 


0.12 


7.00 


0.15 


7.00 


0.18 


7.00 


0.21 


7 


8 


8.00 


0.14 


8.00 


0.17 


8.00 


0.21 


8.00 


0.25 


8 


9 


9.00 


0.16 


9.00 


0.20 


9.00 


0.24 


9.00 


0.28 


9 


10 


10.00 


0.17 


10.00 


^.22 
0.24 


10.00 


0.26 


10.00 


0.^1 


10 
11 


11 


11.00 


0.19 


11.00 


11.00 


0.28 


10.99 


0.34 


18 


12.00 


0.21 


12.00 


0.26 


12.00 


0.31 


11.99 


0.37 


12 


13 


13.00 


0.23 


13.00 


0.28 


13.00 


0.34 


12.99 


0.40 


13 


14 


14.00 


0.24 


14.00 


0.31 


14.00 


0.37 


13.99 


0.43 


14 


15 


15.00 


0.26 


15.00 


0.33 


14.99 


0.39 


14.99 


0.46 


15 


16 


16.00 


0.28 


16.00 


0.35 


15.99 


0.42 


15.99 


0.49 


16 


17 


17.00 


0.30 


17.00 


0.37 


16.99 


0.45 


16.99 


0.52 


17 


18 


18.00 


0.31 


18.00 


0.39 


17.99 


0.47 


17.99 


0.55 


18 


19 


19.00 


0.33 


19.00 


0.41 


18.99 


0.50 


18.99 


0.58 


19 


20 


20.00 


0.35 


20.00 


0.44 


19.99 


0.52 


19.99 


0.61 


20 


81 


21.00 


0.37 


21.00 


0.46 


20.99 


0.55 


20.99 


0.64 


21 


22 


22.00 


0.38 


21.99 


0.48 


21.99 


0.58 


21.99 


0.67 


22 


23 


23.00 


0.40 


22.99 


0.50 


22.99 


0.60 


22.99 


0.70 
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3.84 


48.83 


4.06 


49 




_60 

1 


49.88 


3.49 


49.86 


8.71 


49.86 


3.92 


49.83 


4.14 


JO 

.1 




Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 LaU 


Dep. 


Lat. 




86 


Deg. 


851 


Deg. 


85| Deg. 


m 


Deg, 


I 
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n 



2 

§ 

51 


4Deg. 


4il>eg. 


4tDeg. 


4|Deg. 


61 


I^t. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


60.88 


3.56 


50.86 


8.78 


60.84 


4.00 


60.82 


4.22 


52 


61.87 


3.63 


61.86 


3.86 


61.84 


4.08 


61.82 


4.81 


62 


63 


62.87 


3.70 


62.86 


3.93 


52.84 


4.16 


62.82 


4.39 


63 


54 


53.87 


3.77 


63.86 


4.00 


63.83 


4.24 


63.81 


4.47 


54 


55 


64.87 


3.84 


64.86 


4.08 


64.83 


4.32 


64.81 


4.66 


66 


56 


66.86 


3.91 


66.86 


4.16 


55.83 


4.39 


66.81 


4.64 


66 


57 


66«86 


3.98 


66.84 


4.22 


66.82 


4.47 


66.80 


4.72 


57 


58 


67.86 


4.06 


67.84 


4.30 


67.82 


4.56 


67.80 


4.80 


68 


59 


68«86 


4.12 


68.84 


4.37 


68.82 


4.63 


68.80 


4.89 


69 


60 
61 


69.86 


4.19 


69.84 


4.45 


69.82 


4.71 


69.79 


4.97 


60 
61 


60.86 


4.26 


60.83 


4.62 


60.81 


4.79 


60.79 


5.05 


62 


61.8$ 


4.32 


61.83 


4.69 


61.81 


4.86 


61.79 


6.13 


62 


63 


62.86 


4.89 


62.83 


4.67 


62.81 


4.94 


62.78 


5.22 


68 


64 


63.84 


4.46 


63.82 


4.74 


63.80 


6.02 


63.78 


6.80 


64 


65 


64.84 


4.53 


64.82 


4.82 


64.80 


6.10 


64.78 


5.38 


65 


66 


65.84 


4.60 


65.82 


4.89 


65.80 


6.18 


65.77 


6.47 


66 


67 


66.84 


4.67 


66.82 


4.97 


66.79 


6.26 


66.77 


6.66 


67 


68 


67.83 


4.74 


67.81 


5.04 


67.79 


5.34 


67.77 


5.63 


68 


69 


68.83 


4.81 


68.81 


0.11 


68.79 


6.41 


68.76 


5.71 


69 


70 
71 


69.83 


4.88 


69.81 


6.19 


69.78 


6.49 


69.76 


5.80 


70 


70.83 


4.96 


70.80 


6.26 


70.78 


5.67 


70.76 


6.88 


71 


72 


71.82 


6.02 


71.80 


5.34 


71.78 


6.66 


71.75 


5.96 


72 


73 


72.82 


6.09 


72.80 


5.41 


72.77 


5.73 


72.76 


6.04 


7S 


74 


73.82 


5.16 


73.80 


6.48 


73.77 


6.81 


73.76 


6.13 


74 


76 


74.82 


6.23 


74.79 


6.66 


74.77 


5.88 


74.74 


6.21 


76 


76 


76.81 


6.30 176.79 


6.63 


76.77 


5.96 


76.74 


6.29 


76 


77 


76.81 


6.37 


76.79 


6.71 


76.76 


6.04 


76.74 


6.38 


77 


78 


77.81 


6.44 


77.79 


6.78 


77.76 


6.12 


77.73 


6.46 


78 
79 


79 


78.81 


5.61 


78.78 


5.86 


78.76 


6.20 


78.73 


6.54 


80 
81 


79.81 


6.68 


79.78 


6.93 


79.76 


6.28 


79.73 


6.62 


80 


80.80 


6.66 


80.78 


6.00 


80.76 


6.36 


80.72 


6.71 


81 


82 


81.80 
82.80 


6.72 


81.78 


6.08 


81.76 


6.43 


81.72 


6.79 


82 


83 


6.79 


82.77 


6.16 


82.74 


6.61 


82.71 


6.87 


88 


84 


83.80 


6.86 


83.77 


6.23 


83.74 


6.69 


83.71 


6.96 


84 


86 


84.79 


5.93 


84.77 


6.30 


84.74 


6.67 


84.71 


7.04 


85 


86 


86.79 


6.00 


86.76 


6.37 


85.73 


6.76 


86.70 


7.12 


86 


87 


86.79 


6.07 


86.76 


6.45 


86.73 


6.83 


86.70 


7.20 


87 


88 


87.79 


6.14 


87.76 


6.62 


87.73 


6.90 


87.70 


7.29 


88 


89 


88.78 


6.21 


88.76 


6.60 


88.73 


6.98 


88.70 


7.37 


89 


90 
91 


89.78 


6.28 


89.76 


6.67 


89.72 


7.06 


89.69 


7.45 


90 


90.78 


6.36 


90.76 


6.74 


90.72 


7.14 


90.69 


7.64 


91 


92 


91.78 


6.42 


91.76 


6.82 


91.72 


7.22 


91.68 


7.62 


92 


93 


92.77 


6.49 


92.74 


6.89 


92.71 


7.30 


92.68 


7.70 


93 


94 


93.77 


6.56 


93.74 


6.97 


93.71 


7.38 


93.68 


7.78 


94 


95 


94.77 


6.63 


94.74 


7.04 


94.71 


7.46 


94.67 


7.87 


96 


96 


95.77 


6.70 


95.74 


7.11 


95.70 


7.53 


96.67 


7.96 


96 


97 


96.76 


6.77 


96.73 


7.19 


96.70 


7.61 


96.67 


8.03 


97 


98 


97.76 


6.84 


97.73 


7.26 


97.70 


7.69 


97.66 


8.12 


98 


99 


98.76 


6.91 


98.73 


7.34 


98.69 


7.77 


98.66 


S.20 


99 


100 

8 

• 


99.76 


6.98 


99.73 


7.41 


99.69 


7.86 


99.66 


8.28 


100 

1 
.2 
Q 


Dep. 


Lat. 


Dep. 
851 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


861 


>eg. 


Deg. 


85|1 


Deg. 


BSiDeg. 



If 
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5 


6 Deg. 1 


S\ Deg. 


61 Deg. 


6J Deg. 


s 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1.00 


0.09 


1.00 


0.09 


1.00 


0.10 


0.99 


0.10 


1 


2 


1.99 


0.17 1.991 


0.18 


1.99 


0.19 


1.99 


0.20 


2 


3 


2.99 


0.26 


2.99 


0.27 


2.99 


0.29 


2.98 


0.30 


3 


4 


3.98 


0.35 


3.98 


0.37 


3.98 


0.38 


3.98 


0.40 


4 


5 


4.98 


0.44 


4.98 


0.46 


4.98 


0.48 


4.97 


0.60 


5 


6 


5.98 


0.52 


5.97 


0.55 


6.97 


0.68 


6.97 


0.60 


6 


7 


6.97 


0.61 


0.97 


0.64 


6.97 


0.67 


6.96 


0.70 


7 


8 


7.97 


0.70 


7.97 


0.73 


7.96 


0.76 


7.96 


0.80 


8 


9 


8.97 


0.78 


8.96 


0.82 


8 96 


0.86 


8.96 


0.90 


9 


10 


9.96 


0.87 


9.96 


0.92 


9.95 


0.96 


9.96 


1.00 


10 
U 


11 


10.96 


0.96 


10.95 


1.01 


10.95 


1.06 


10.94 


1.10 


12 


11.95 


1.05 


11.95 


1.10 


11.94 


1.16 


11.94 


1.20 


12 


13 


12.95 


1.13 


12.95 


1.19 


12.94 


1.26 


12.93 


1.30 


13 


14 


13.95 


1.22 


13.94 


1.28 


13.94 


1.34 


13.93 


1.40 


14 


16 


14.94 


1.31 


14.94 


1.37 


14.93 


1.44 


14.92 


1.60 


13 


16 


15.94 


1.39 


15.93 


1.46 


15.93 


1.53 


15.92 


1.60 


16 


17 


16.94 


1.48 


16.93 


1.56 


16.92 


1.63 


16.91 


1.70 


17 


18 


17.93 


1.57 


17.92 


1.65 


17.92 


1.73 


17.91 


1.80 


18 


19 


18.93 


1.66 


18.92 


1.74 


18.91 


1.82 


18.90 


1.90 


19 


20 


19.92 


1.74 


19.92 


1.83 


19.91 


1.92 


19.90 


2.00 


20 


21 


20.92 


1.83 


20.91 


1.92 


20.90 


2.01 


20.89 


2.10 


21 


22 


21.92 


1.92 


21.91 


2.01 


21.90 


2.11 


21.89 


2.20 


22 


23 


22.91 


2.00 


22.90 


2.10 


22.89 


2.20 


22.88 


2.30 


23 


24 


23.91 


2.09 


23.90 


2.20 


23.89 


2.30 


23.88 


2.40 


24 


25 


24.90 


2.18 


24.90 


2.29 


24.88 


2.40 


24.87 


2.50 


25 


26 


25.90 


2.27 


25.89 


2.38 


25.88 


2.49 


25.87 


2.60 


26 


27 


26.90 


2.35 


26.89 


2.47 


26.88 


2.59 


26.86 


2.71 


27 


28 


27.89 


2.44 


27.88 


2.56 


27.87 


2.68 


27.86 


2.81 


28 


29 


28.89 


2.53 


28.88 


2.65 


28.87 


2.78 


28.85 


2.91 


29 


30 
31 


29.89 
30.88 


2.61 
2.70 


29.87 


2.75 


29.86 


2.88 


29.85 


3.01 


30 


30.87 


2.84 


30.86 


2.97 


30.84 


3.11 


31 


32 


31.88 


2.79 


31.87 


2.93 


31.86 


3.07 


31.84 


3.21 


32 


33 


32.87 


2.88 


32.86 


3.02 


32.85 


3.16 


32.83 


3.31 


33 


34 


33.87 


2.96 


33.86 


3.11 


33.84 


3.26 


33.83 


3.41 


34 


35 


34.87 


3.05 


34.85 


3.20 


34.84 


3.35 


34.82 


3.51 


35 


36 


35.86 


3.14 


35.85 


3.29 


35.83 


3.45 


35.82 


3.61 


36 


37 


36.86 


3.22 


36.84 


3.39 


36.83 


3.55 


36.81 


3.71 


37 


38 


37.86 


3.31 


37.84 


3.48 


37.83 


3.64 


37.81 


3.81 


38 


39 


38.85 


3.40 


38.84 


3.57 


38.82 


3.74 


38.80 


3.91 


39 


40 
41 


39.85 


3.49 


39.83 


3.66 


39.82 


3.83 


39.80 


4.01 


40 
41 


40.84 


3.57 


40.83 


3.75 


40.81 


3.93 


40.79 


4.11 


42 


41.84 


3.66 


41.82 


3.84 


41.81 


4.03 


41.79 


4.21 


42 


43 


42.84 


3.75 


42.82 


3.93 


42.80 


4.12 


42.78 


4.31 


43 


44 


43.83 


3.83 


43.82 


4.03 


43.80 


4.22 


43.78 


4.41 


44 


45 


44.83 


3.92 


44.81 


4.12 


44.79 


4.31 


44.77 


4.51 


45 


46 


45.82 


4.01 


45.81 


4.21 


45.79 


4.41 


45.77 


4.61 


46 


47 


46.82 


4.10 


46.80 


4.30 


46.78 


4.50 


46.76 


4.71 


47 


48 


47.82 


4.18 


47.80 


4.39 


47.78 


4.60 


47.76 


4.81 


48 


49 


48.81 


4.27 


48.79 


4.48 


48.77 


4.70 


48.75 


4.91 


49 


50 

.2 
C5 


49.81 


4.36 


49.79 


4.58 


49.77 


4.79 


49.75 


6.01 


50 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


LaU 


Dep. 


Lat. 


5 
1 


85 


Deg. 


84| Deg. 


84jDeg. 


84* Deg. 
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8 


5Deg. 


6k Deg. 


HDeg. 


6i Deg. 


f 


Lat 


Dep. 


Lat. 


Dep 


Lat. 


Dep. 


Lat 


Dep. 


51 


50.81 


4.44 


60.79 


4.67 


60.77 


4.89 


60.74 


6.11 


61 


52 


61.80 


4.63 


61.78 


4.76 


61.76 


4.98 


61.74 


6.21 


62 


53 


52.80 


4.62 


62.78 


4.86 


62.76 


6.08 


62.73 


6.31 


63 


54 


63.79 


4.71 


63.77 


4.94 


63.76 


6.18 


63.73 


6.41 


64 


55 


5.1.79 


4.79 


64.77 


6.03 


64.76 


6.27 


64.72 


6.61 


65 


56 


66.79 


4.88 


66.77 


6.12 


66.74 


6.37 


66.72 


6.61 


66 


57 


56.78 


4.97 


66.76 


6.22 


66.74 


6.46 


66.71 


6.71 


57 


58 


57.78 


6.06 


67.76 


6.31 


67.73 


6.66 


67.71 


6.81 


58 


59 


68.78 


6.14 


58.76 


6.40 


58.73 


6.66 


68.70 


6.91 


59 


60 
61 


59.77 


6.23 


69.76 


6.49 


59.72 


6.76 


69.70 


6.01 


60 


60.77 


6.32 


60.74 


6.68 


60.72 


6.86 


60.69 


6.11 


61 


62 


61.76 


6.40 


61.74 


6.67 


61.71 


6.94 


61.69 


6.21 


62 


63 


62.76 


6.49 


62.74 


6.76 


62.71 


6.04 


62.68 


6.31 


63 


64 


63.76 


6.68 


63.73 


6.b6 163.71 


6.13 


63.68 


6.41 


64 


65 


64.76 


5.67 


64.73 


6.96 64.70 


6.23 


64.67 


6.61 


65 


66 


65.76 


6.76 


66.72 


6.04 66.70 


6.33 


66.67 


6.61 


66 


67 


66.75 


6.84 


66.72 


6.13 166.69 


6.42 


66.66 


6.71 


67 


68 


67.74 


&.93 


67.71 


6.22 


67.69 


6.62 


67.66 


6.81 


68 


69 


68.74 


6.01 


68.71 


6. 31 


68.68 


6.61 


68.66 


6.91 


69 


70 
71 


69.73 


6.10 


69.71 


6 41 


69.68 


6.71 


69.66 


7.01 


70 


70.73 


6.19 


70.70 


6 60 


70.67 


6.81 


70.64 


7.11 


71 


72 


71.73 


6.28 


71.70 


6 59 


71.67 


6.90 


71.64 


7.21 


72 


73 


72.72 


6.36 


72.69 


6 68 


72.66 


7.00 


72.63 


7.31 


73 


.4 


73.72 


6.46 


73.69 
74.69 


8 77 


73.66 


7.09 


73.63 


7.41 


74 


76 


74.71 


6.64 


6.86 


74.66 


7.19 


74.62 


7.61 


75 


76 


75.71 


6.62 


76.68 


6 96 


76.66 


7.28 


76.62 


7.61 


76 


77 


76.71 


6.71 


76.68 


7.06 


76.66 


7.38 


76.61 


7.71 


77 


78 


77.70 


6.80 


77.67 


? 14 


77.64 


7.48 


77.61 


7.81 


78 


79 


78.70 


6.89 


78.67 


7 23 


78.64 


7.67 


78.60 


7.91 


79 


80 

81 


79.70 
80.69 


6.97 


79.66 


7 32 


79.63 


7.67 


79.60 


8.02 


80 


7.06 


80.66 


7 41 


80.63 


7.76 


80.69 


8.12 


81 


82 


81.69 


7.16 


81.66 


7 60 


81.62 


7.86 


81.59 


8.22 


82 


83 


82.68 


7.23 


82.66 


7 69 


82.62 


7.96 


82.68 


8.32 


83 


84 


83.68 


7.82 


83.65 


7.69 


83.61 


8.05 


83.58 


8.42 


84 


85 


84.68 


7.41 


84.64 


7.78 


84.61 


8.16 


84.67 


8.62 


85 


86 


85.67 


7.60 


86.64 


7.87 


86.60 


8.24 


86.57 


8.62 


86 


\ 87 
88 


86.67 


7.68 


86.64 


7.96 


86.60 


8.34 


86.66 


8.72 


87 


87.67 


7.67 


87.63 


8.06 


87.59 


8.43 


87.56 


8.82 


88 


89 


88.66 


7.76 


88.63 


8.14 


88.59 


8.63 


88.65 


8.92 


89 


90 
91 


89.66 


7.84 


89.62 


8.24 
8.33 


«9.59 


8.63 


89.65 


9.02 


90 


90.66 


7.93 


90.62 


90.68 


8.72 


90.64 


9.12 


91 


92 


91.65 


8.02 


91.61 


8.42 


91.58 


8.82 


91.64 


9.22 


92 


93 


92.66 


8.11 


92.61 


S.61 


92.67 


8.91 


92.63 


9.32 


93 


94 


93.64 


8.19 


93.61 


S.60 


93.67 


9.01 


93.63 


9.42 


91 


95 


94.64 


8.28 


94.60 


9.69 


94.66 


9.11 


94.62 


9.62 


96 


96 


95.63 


8.37 


95.60 


8.78 


96.66 


9.20 


96.52 


9.62 


96 


97 


96.63 


8.46 


96.69 


8.88 


96.66 


9.30 


96.51 


9.72 


97 


98 


97.63 


8.64 


97.69 


8.97 


97.55 


9.39 


97.51 


9.82 


9S 


99 


98.62 


8.63 


98.59 


9.06 


98.54 


9.49 


98.50 


9.92 


99 


100 

3 


99.62 


8.72 


99.58 


9.16 


99.64 


9.68 


99.50 


10.02 


100 

.2 


Dep. 


Lat. 


Dep. 


Lat 
Deg. 


Dep. 


Lat. 


Dep. 


Lat 


85 1 


)eg. 


841 


84JDeg. 


84iDeg. 



14 



TBAVXIffl TABLE. 



8 


6 Def. 


6iDi^. 


^Deg. 


61 Df. 


5' 


IjiU 


Dap. 


JUL 


Dap. 


Lai. 


Dep. 


Lat 


Dep. 


1 


6.99 


6.10 


9.99 


9.11 


0.99 


9.11 


9.99 


"6.13 


"^ 


2 


1.99 


0.21 


1.99 


0.22 


1.99 


0.28 


1.99 


0.S4 


2 


3 


3.98 


0.81 


8.98 


0.33 


3.98 


0.84 


3.98 


0.85 


8 


4 


8.98 


9.41 


8.98 


0.44 


8.97 


0.45 


8.97 


6.47 


4 


5 


4.97 


0.52 


4.97 


0.54 


4.97 


0.57 


4.97 


9.59 


6 


6 


5.97 


0.63 


5.96 


0.65 


5.96 


0.68 


5.96 


0.71 


6 


7 


6.96 


0.73 


6.96 


0.76 


6.96 


0.79 


6.95 


0.83 


7 


8 


7.96 


0.84 


7.95 


0.87 


7.95 


0.91 


7.94 


9.94 


8 


9 


8.95 


0.94 


8.95 


0.98 
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14.90 
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14.90 


1.76 


15 


16 
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1.67 
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1.74 
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1.81 
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16 


17 


16.91 
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16.89 


1.93 
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17 


18 
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1.88 


17.89 
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18 


19 
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18.89 
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19.89 
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19.88 
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20 


20.88 
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20.85 
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21 


22 
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21.86 


3.49 
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22 


23 
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22.85 
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22.84 
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23 


24 
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2.51 
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3.61 


23.85 
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24 


25 
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2.61 


24.85 


2.72 


24.84 


3.83 
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25 


26 
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26 


27 
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26.81 


8.17 


27 


28 
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3.05 27.82 
3.16 |28.%1 
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8.29 


28 
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28.84 
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28.83 


8.38 


28.80 


8.41 


29 


30 


29.84 


3.14 


29.82 


3.27 


29.81 


3.40 


29.79 


8.53 


30 


31 


30.83 


3.24 


30.82 


3.37 


30.80 


8.51 


30.79 


3.64 


31 


32 


31.82 


8.34 


31.81 


3.48 


31.79 


8.63 


31.78 


3.76 


32 


33 


32.62 


3.45 


32.80 


8.59 


32.79 


3.74 


32.77 


3.88 


33 


34 


33.81 


3.55 


33.80 


3.70 


33.78 


3.85 


33.76 


4.00 


34 


35 


34.81 


3.66 


34.79 


8.81 134.78 


8.96 


34.76 


4.11 


35 


36 


35.80 


3.76 


35.79 


8.92 


35.77 


4.08 


35.75 


4.23 


36 


37 


36.80 


3.87 


36.78 


4.03 


36.76 


4.19 


36.75 


4.85 


37 


38 


37.79 


3.97 


37.77 


4.14 


37.76 


4.30 


37.74 


4.47 


38 


39 


38.79 


4.08 


38.77 


4.25 


38.75 


4.41 


38.73 


4.58 


39 


40 


39.78 


4.18 


39.76 


4.35 


39.74 


4.53 


39.72 


4.70 


40 


41 


40.78 


4.29 


40.76 


4.46 


40.74 


4.64 


40.72 


4.82 


41 


42 


41.77 


4.39 


41.75 


4.57 


41.73 


4.76 


41.71 


4.94 


42 


43 


42.76 


4.49 


42.74' 


4.68 


42.72 


4.87 


42.70 


5.05 


43 


44 


48.76 


4.60 


43.74 


4.79 


43.72 


4.98 


43.70 


5.17 


44 


45 


44.75 


4.70 


44.73 


4.90 


44.71 


5.09 


44.69 


5.29 
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46 


45.75 


4.81 


45.73 


5.01 


45.70 


5.21 


45.68 


5.41 


46 


47 


46.74 


4.91 


46.72 


5.12 


46.70 


5.32 


46.67 


6.52 


47 


48 


47.74 
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47.71 


5.23 


47.69 


5.43 


47.67 


5.64 


48 


49 


48.73 
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48.71 


5.34 


48.69 
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49 
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5.66 


49.65 
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81 
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8.71 
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81 
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80.48 
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82 
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8.57 
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8.93 


81.47 


9.28 
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82 


83 


82.55 


8.68 
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9.04 


82.47 


9.40 


82.42 
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83 


84 
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8.78 


83.50 


9.14 


83.46 
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83.42 
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84 


85 
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8.88 
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84.45 
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85 


86 
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86 
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93 
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93 


94 
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4 
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6 
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5.96 
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5.95 
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6 
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8.92 
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9 
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11 
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1.35 


10 
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1.34 
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1.39 


10.91 


1.44 
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1.48 


11 


12 


11.91 


1.46 


11.90 


1.51 


11.90 


1.57 


11.89 


1.62 


12 


13 


12.90 


1.68 


12.90 


1.64 


12.89 


1.70 


12.88 


1.76 


13 


14 


13.90 


1.71 


13.89 


1.77 


13.88 


1.83 


13.87 


1.89 


14 


15 


14.89 


1.83 


14.88 


1.89 


14.87 


1.96 


14.86 


2.02 


15 


16 


15.88 


1.95 


16.87 


2.02 


15.86 


2.09 


16.85 


2.16 


16 


17 


16.87 


2.07 


16.86 


2.16 


16.86 


2.22 


16.84 


2.29 


17 


18 
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17.86 


2.27 


17.86 


2.35 


17.84 


2.48 


18 


19 
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2.32 
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2.40 


18.84 


2.48 


18.83 


2.56 


19 


20 
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2.62 
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2.70 


20 


21 
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2.66 


20.82 


2.74 
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2.83 


21 


22 


21.84 


2.68 


21.82 


2.78 


21.81 


2.87 


21.80 


2.97 


22 


23 


22.83 


2.80 


22.82 


2.90 


22.80 
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22.79 


3.10 


23 


24 


23.82 


2.92 


23.81 


3.03 


23.79 


3.13 


23.78 


3.24 


24 


25 


24.81 


3.05 


24.80 


3.15 


24.79 


8.26 


24.77 


3.37 


25 


26 


25.81 


3.17 


26.79 


3.28 


26.78 


8.39 


26.76 


8.51 


26 


27 


26.80 


3.29 


26.78 


3.41 


26.77 


3.52 


26.75 


3.64 


27 
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27.79 


3.41 


27.78 


3.63 


27.76 


3.66 


27.74 


3.78 


28 


29 


28.78 


3.53 


28.77 


3.66 


28.76 


3.79 
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3.91 


29 


30 


29.78 


3.66 


29.76 


3.79 


29.74 


3.92 


29.73 


4.06 


30 


31 


30.77 


3.78 


30.76 


3.91 


30.73 


4.06 


30.72 


4.18 


31 


32 


31.76 


3.90 


31.74 


4.04 


31.73 


4.18 


31.71 


4.32 


32 


33 


32.76 


4.02 


32.74 


4.16 


32.72 


4.31 


32.70 


4.45 


33 


34 


33.75 


4.14 


33.73 


4.29 


33.71 


4.44 


33.69 


4.58 


34 


35 


34.74 


4.27 


34.72 


4.42 


34.70 


4.57 


34.68 


4.72 


35 


36 


35.73 


4.39 


35.71 


4.64 


36.69 


4.70 


35.67 


4.85 


36 


37 


36.72 


4.51 


36.70 


4.67 


36.68 


4.83 


36.66 


4.99 


37 


38 


37.72 


4.63 


37.70 


4.80 


37.67 


4.96 


37.65 
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33 


39 
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38.69 


4.92 


38.67 


5.09 


38.64 


5.26 


39 
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41 


39.70 


4.87 


39.68 


5.06 


39.66 


5.22 


39.63 


6.39 


40 
41 


40.70 


5.00 


40.67 


6.17 


40.65 


5.86 


40.63 
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42 


41.69 


5.12 


41.66 


5.30 


41.64 


5.48 


41.62 
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43 


42.68 


5.24 


42.66 


5.43 


42.63 


5.61 


42.61 
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44 


43.67 


5.36 


43.66 


5.55 


43.62 


5.74 


43.60 
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45 


44.67 


5.48 


44.64 


5.68 


44.62 


5.87 


44.69 
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46 


46.66 


6.61 


46.63 


6.81 


45.61 


6.00 


46.58 


6.20 


46 


47 


46.65 


6.73 


46.62 


5.93 


46.60 


6.13 


46.67 


6.34 


47 


48 


4/. 64 


6.86 


47.62 


6.06 


47.59 


6.27 


47.56 


6.47 


48 


49 


48.63 


6.97 


48.61 


6.18 


48.58 


6.40 


48.56 


6.61 
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50 

f 
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6.31 
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6.22 


50.69 


6.44 


50.66 


6.66 


60.53 


6.88 


62 


61.61 


6.34 


61.58 


6.66 


51.66 


6.79 


61.63 


7.01 


62 


53 


62.60 


6.46 


52.58 


6.69 


52.66 


6.92 


52.52 


7.16 


63 


64 


63.60 


6.58 


53.67 


6.81 


63.64 


7.05 


63.61 


7.28 


54 


66 


64.69 


6.70 


54.56 


6.94 


64.63 


7.18 


64.50 


7.42 


65 


66 


66.68 


6.82 


66.55 


7.07 


56.62 


7.31 


66.49 


7.65 


66 


67 


66.68 


6.95 


66.64 


7.19 


66.51 


7.44 


56.48 


7.69 


57 


58 


67.67 


7.07 


67.64 


7.32 


67.50 


7.57 


67.47 


7.82 


68 


69 168.66 


7.19 


68.53 


7.45 


58.60 


7.70 


68.46 


7.96 


69 
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61 


69.66 


7.31 


69.52 


7.67 


59.49 


7.83 


69.45 


8.09 
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60.65 


7.43 


60.61 


7.70 


60.48 


7.96 


60.44 


8.23 


62 


61.64 


7.66 


61.50 


7.82 


61.47 


8.09 


61.43 


8.36 


62 


63 


62.63 


7.68 


62.60 


7.96 


62.46 


8.22 


62.42 


8.60 


63 


64 


63.62 


7.80 


63.49 


8.08 


63.46 


8.36 


63.42 


8.63 


64 


65 


64.62 


7.92 


64.48 


8.20 


64.44 


8.48 


64.41 


8.77 


65 


66 


66.61 


8.04 


06.47 


8.33 


65.44 


8.61 


66.40 


8.90 


66 


67 
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8.17 


66.46 


8.46 


66.43 


8.76 


66.39 


9.04 


67 


68 


67.49 


8.29 


67.46 


8.68 


67.42 


8.88 


67.38 


9.17 


68 


69 


68.49 


8.41 


68.46 


8.71 


68.41 


9.01 


68.37 


9.30 


69 


70 


69.48 


8.53 


69.44 


8.83 


69.40 


9.14 


69.36 


9.44 
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71 


70.47 


8.66 


70.43 


8.96 


70.39 


9.27 


70.36 


9.67 


72 


71.46 


8.77 


71.42 


9.09 
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6.63 


34.62 


6.75 


34.49 


6.93 


36 


36 


35.56 


6.63 


35.53 


6.79 


36.61 


6.94 


35.48 


6.10 


86 


37 


36.54 


6.79 


36.62 


5.95 


36.49 


6.11 


36.47 


6.27 


37 


38 


37.53 


6.94 


37.51 


6.11 


37.48 


6.27 


37.45 


6.44 


38 


39 


38.62 


6.10 


38.49 


6.27 


38.47 


6.44 


38.44 


6.60 


39 
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il 


39.51 


6.26 


39.48 


6.43 


39.46 


6.60 


39.42 


6.77 


40 
41 


40.60 


6.41 


40.47 


6.59 


40.44 


6.77 


40.41 


6.94 


42 


41.48 


6.57 


41.46 


6.76 


41.42 


6.92 


41.39 


7.11 


42 


43 


42.47 


6.73 


42.44 


6.91 


42.41 


7.10 


42.38 


7.28 


43 


44 


43.46 


6.88 


43.43 


7.07 


43.40 


7.26 


43.36 


7.45 


44 


45 


44.46 


7.04 


44.41 


7.23 


44.38 


7.43 


44.35 


7.62 


45 


46 


45.43 


7.20 


45.40 


7.39 


45.37 


7.59 


45.34 


7.79 


46 


47 


46.42 


7.35 


46.39 


7.55 


46.36 


7.76 


46.32 


7.96 


47 


48 


47.41 


7.51 


47.38 


7.72 


47.34 


7.92 


47.31 


8.13 


48 


49 


48.40 


7.67 


48.36 


7.88 


48.33 


8.09 


48.29 


8.30 


49 
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1 
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51 
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Dep. 


Lat. 


Dep. 
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Dep. 


50.37 


7.98 


60.34 


8.20 


60.80 


8.42 


50.26 


8.64 


52 


61.36 


8.13 


61.32 


8.86 


51.29 


8.58 


61.26 


8.81 


62 


53 


52.85 


8.29 


62.81 


8.52 


62.27 


8.75 


52.23 


8.98 


53 


54 


63.34 


8.45 


63.30 


8.68 


53.26 


8.91 


58.22 


9.14 


54 


65 


54.32 


8.60 


64.28 


8.84 


54.26 


9.08 


54.21 


9.31 


56 


56 


66.31 


8.76 


55.27 


9.00 


55.23 


9.24 


65.19 


9.48 


66 


57 


56.30 


8.92 


56.26 


9.16 


66.22 


9.41 


66.18 


9.66 


67 


58 


57.29 


9.07 


67.25 


9.32 


67.20 


9.57 


67.16 


9.82 


58 


69 


58»27 


9.23 


58.23 


9.48 


58.19 


9.74 


58.15 


9.99 


59 


60 
61 


59.26 


9.39 


69.22 


9.64 


59.18 


9.90 


59.13 


10.16 
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6) 


60.26 


9.54 


60.21 


9.81 


60.16 


10.07 


60.12 


10.33 


62 


61.24 


9.70 


61.19 


9.97 


61.15 


10.23 


61.10 


10.50 


J62 


63 


62.22 


9.86 


62.18 


10.13 


62.14 


10.40 


62.09 


10.67 


63 


64 


63.21 


10.01 


68.17 


10.29 


63.12 


10.56 


63.08 


10.84 


64 


66 


64.20 


10.17 


64.16 


10.45 


64.11 


10.78 


64.06 


11.01 


66 


66 


66.19 


10.32 


66.14 


10.61 


66.09 


10.89 


65.06 


11.18 
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67 


66.18 


10.48 


66.13 


10.77 


66.08 


11.06 


66.03 


11.35 


67 


68 


67.16 10.64 


67.12 


10.93 


67.07 


11.22 


67.02 


It. 52 


68 


69 
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68.10 


11.09 


68.05 


11.39 


68.00 


11.69 


69 


70 


69.14 


10.96 


69.09 


11.26 


69.04 


11.55 


68.99 


11.85 


70 
71 


71 


70.13 


11.11 


70.08 


11.41 


70.03 


11.72 


69.97 


12.02 


72 


71.11 


11.26 


71.06 


11.67 


71.01 


11.88 


70.96 


12.19 


72 


73 


72.10 


11.42 


72.05 


11.73 


72.00 


12.05 


71.96 


12.36 


73 


74 


73.09 


11.68 


73.04 


11.89 


72.99 


12.21 


72.93 


12.53 


74 


75 


74.08 


11.73 


74.02 


12.06 
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12.88 


73.92 


12.70 


76 


76 
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11.89 


76.01 


12.22 


74.96 


12.54 
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76 


77 


76.06 


12.05 


76.00 


12.38 


76.94 


12.71 


75.89 


18.04 


77 


78 


77.04 


12.20 


76.99 


12.64 


76.93 


12.87 
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13.21 


78 


79 


78.03 


12.36 


77.97 


12.70 


77.92 


13.04 


77.86 


13.38 


79 


80 
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81 


81 


80.00 
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13.02 


79.89 


13.37 


79.83 
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82 
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80.93 


13.18 


80.88 


13.63 
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82 


83 
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81.92 


13.34 


81.86 


13.70 


81.80 


14.06 


83 


84 
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13.14 
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84 


85 
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83.89 


13.66 
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v4.03 


88.77 


14.39 


85 


86 


84.94 


13.45 


84.88 
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0.69 
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0.89 


4.92 
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1.04 
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1.07 
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7 
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1.22 
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1.25 


6.88 


1.28 
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7 


8 


7.88 


1.89 
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1.42 
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1.46 
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1.49 
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9 
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1.66 
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9 
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11 
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9.84 


1.78 
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1.87 
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11 
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10.82 


1.96 


10.82 


2.00 


10.81 


2.05 


12 


11.82 


2.08 


11.81 


2.14 


11.80 


2.19 


11.79 


2.24 


12 


13 
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2.26 


12.79 


2.31 


12.78 


2.87 


12.77 


2.42 


13 


U 


13.79 


2.43 


13.78 


2.49 


13.77 


2.66 


13.76 


2.61 


14 


15 


14.77 


2.60 


14.76 


2.67 


14.76 


2.73 


14.74 


2.80 


16 


16 


15.76 


2.78 


15.74 


2.86 


16.73 


2.92 


16.72 


2.98 


16 


17 


16.74 


2.96 


16.73 


3.03 


16.72 


8.10 


16.70 


3.17 


17 


18 


17.73 


3.13 


lV.71 


8.20 


17.70 


3.28 


17.68 


3.36 


18 


19 


18.71 


3.80 


18.70 


3.38 


18.68 


3.46 


18.67 


3.54 


19 


20 
21 


19.70 


8.47 


19.68 


8.56 


19.67 


3.64 


19.66 


3.73 


20 
21 


20.68 


3.66 


20.66 


3.74 


20.65 


3.83 


20.63 


3.92 


22 


21.67 


8.82 


21.65 


8.91 


21.63 


4.01 


21.61 


4.10 


22 


23 


22.65 


8.99 


22.63 


4.09 


22.61 


4.19 


22.60 


4.29 


23 


24 


23.64 


4.17 


23.62 


4.27 
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4.37 


23.58 


4.48 


24 


25 


24.62 


4,34 


24.60 


4.45 


24.58 


4.56 


24.56 


4.66 


25 


26 


25.61 


4.61 


25.59 


4.63 
1.80 


25.56 


4.74 


25.54 


4.85 


26 


27 


26.59 


4.69 


26.57 


26.55 


4.92 


26.53 


5.04 


27 


28 


27.57 


4.86 


27.56 


4.98 


27.53 


6.10 


27.51 


5.22 


28 


29 


28.56 


6.04 


28.54 


5.16 


28.51 


6.28 


28.49 


6.41 


29 
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5.34 
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6.47 
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31 
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6.52 


30.48 


6.66 


30.46 


5.78 


32 
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6.66 


31.49 


5.69 


31.46 


5.83 


31.44 


5.97 


32 


33 


32.50 


6.73 


32.47 


5.87 


32.45 


6.01 


32.42 


6.16 


33 


34 


33.48 


5.90 


33.46 


6.05 


33.43 


6.20 


33.40 


6.34 


34 


36 


34.47 


6.08 


34.44 


6.23 


34.41 


6.38 


34.39 


6.53 


35 


36 


35.45 


6.25 


35.43 


6.41 


35.40 


6.56 


35.37 


6.71 


36 


37 
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6.42 


36.41 


6.58 


86.38 


6.74 
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37 


38 


37.42 


6.60 
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6.76 


37.36 


6.92 


37.33 


7.09 


38 


39 
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6.77 


38.38 


6.94 
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7.11 
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7.27 


39 
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41 


39.39 
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39.36 


7.12 
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42 
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41.33 


7.47 


41.30 


7.65 
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43 


42.35 


7.47 


42.31 


7.66 


42.28 


7.84 


42.25 


8.02 


43 


44 
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7.83 
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43.23 
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44 


46 
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44.28 


8.01 


44.25 


8.20 
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8.39 


45 


46 
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45.27 


8.19 
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8.38 
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46 


47 
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8.16 


46.25 


8.36 
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8.57 
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47 


48 
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8.34 
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8.64 
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50.23 


8.86 
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9.29 


50.10 


9.61 
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9.03 


51.17 


9.25 


51.13 


9.48 


51.09 


9.70 


52 


53 


52.19 


9.20 


52.15 


9.43 


52.11 


9.66 


52.07 


9.89 


53 


54 


53.18 


9.38 


53.14 


9.61 


53.10 


9.84 


58.05 


10.07 


54 


55 


54.16 


9.55 


54.12 


9.79 


54.08 


10.02 


54.03 


10.26 


5.^ 


56 


55.15 


9.72 


55.11 


9.96 


55.06 


10.21 


55.02 


10.45 


56 


67 


56.13 


9.90 


56.09 


10.14 


56.05 


10.39 


56.00 


10.63 


57 


58 


57.12 


10.07 


57.07 


10.32 


57.03 


10.57 


66.98 


10.82 


58 


59 


58.10 


10.25 


58.06 


10.50 


58.01 


10.75 


57.96 


11.00 


59 


60 
61 


59.09 


10.42 


59.04 


10.68 


59.00 


10.93 


58.95 


.11.19 


60 
61 


60.07 


10.59 


60.03 


10.85 


59.98 


11.12 


59.93 


11.38 


62 


61.06 


10.77 


61.01 


11.03 


60.96 


11.30 


60.91 


11.66 


62 


63 


62.04 


10.94 


61.99 


11.21 


61.95 


11.48 


61.89 


11.75 


63 


64 


63.03 


11.11 


62.98 


11.39 


62.93 


11.66 


62.88 


11.94 


64 


65 


64.01 


11.29 


63.96 


11.57 


63.91 


11.85 


63.86 


12.12 


65 


66 


65.00 


11.46 


64.95 


11.74 


64.89 


12.03 


64.84 


12.31 


66 


67 


65.98 


11.63 


65.93 


11.92 


65.88 


12.21 


65.82 


12.50 


67 


68 


66.97 


11.81 


66.91 


12.10 


66.86 


12.39 


66.81 


12.68 


68 


69 


67.95 


11.98 


67.90 


12.28 


67.84 


12.67 


67.79 


12.87 


69 


70 
71 


68.94 


12. IP 


68.88 


12.46 


68.83 


12.76 


68.77 


13.06 


70 
71 


•5^^2 


12.33 


69.87 


12.63 


69.81 


12.94 


69.75 


13.24 


72 


70.91 


12.50 


70.85 


12.81 


70.79 


13.12 


70.74 


13.43 


72 


73 


71.89 


12.68 


71.83 


12.99 


71.78 


13.30 


71.72 


13.62 


73 


74 


72.88 


12.85 


72.82 


13.17 


72.76 


13.49 


72.70 


13.80 


74 


75 


73.86 


13.02 


73.80 


13.35 


73.74 


13.67 


73.68 


13.99 


75 


76 


74.85 


13.20 


74.79 


13.52 


74.73 


13.85 


74.67 


14.18 


76 


77 


75.83 


13.37 


75.77 


13.70 


76.71 


14.03 


75.66 


14.36 


77 


78 


76.82 


13.54 


76.76 


13.88 


76.69 


14.21 


76.63 


14.65 


78 


79 


77.80 


13.72 


77.74 


14.06 


77.68 


14.40 


77.61 


14.74 


79 


80 
81 


78.78 


13.89 


78.72 


14.24 


78.66 


14.58 


78.60 


14.92 


80 
81 


79.77 


14.07 


79.71 


14.41 


79.64 


14.76 


79.58 


16.11 


82 


80.75 


14.24 


80.69 


14.69 


80.63 


14.94 


80.56 


16.29 


82 


83 


81.74 


14.41 


81.68 


14.77 


81.61 


15.13 


81.64 


16.48 


83 


84 


82.72 


14.59 


82.66 


14.95 


82.69 


15.81 


82.53 


16.67 


84 


85 


83.71 


14.76 


83.64 


15.13 


83.58 


16.49 


83.51 


16.85 


85 


86 


84.69 


14.93 


84.63 


15.30 


84.66 


16.67 


84.49 


16.04 


86 


87 


85.68 


15.11 


85.61 


16.48 


85.54 


15.85 


85.47 


16.23 


87 


88 


86.66 


15.28 


86.60 


16.66 


86.53 


16.04 


8S.46 


16.41 


88 


89 


87.65 


15.45 


87.58 


16.84 


87.61 


16.22 


87.44 


16.60 


89 
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91 


88.63 


15.63 


88.66 


16.01 


88.49 


16.40 


88.42 


16.79 
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91 


89.62 


15.80 


89.55 


16.19 


89.48 


16.58 


89.40 


16.97 


92 


90.60 


15.98 


90.53 


16.37 


90.46 


16.77 


90.39 


17.16 


92 


93 


91.59 


16.15 


91.52 


16.55 


91.44 


16.95 


91.37 


17.35 


93 


94 


92.57 


16.32 


92.60 


16.73 


92.43 


17.13 


92.35 


17.53 


94 


95 


93.56 


16.50 


93.48 


16.90 


93.41 


17.31 


93.33 


17.72 


95 


96 


94.54 


16.67 


94.47 


17.08 


94.39 


17.49 


94.32 


^17.91 


96 


97 


95.53 


16.84 


96.45 


17.26 


95.38 


17.68 


96.30 


18.09 


97 


98 


96.51 


17.02 


96.44 


17.44 


96.36 


17.86 


96.28 


18.28 


98 


99 


97.50 


17.19 


97.42 


17.62 


97.. 34 


18.04 


97.26 


18.47 


99 


100 

i 

c 
.2 


98.48 


17.36 


98.40 


17.79 


98.33 


18.22 


98.26 


18.65 


100 

s 

1 

5 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


SODeg. 


79} Deg. 


79^ Deg. 


m Deg. 



24 



TRAVER8K TABLE. 



g 


11 Deg. 


lU l>es. 114 Deg. 


m Deg. 




Lat. 


Dep. 
0.19 


Lat. 


Dep. Lat. 


Dep. 


Lat. 


Dep. 


1 


0.98 


0.98 


0.20 0.98 


0.20 


0.98 


0.20 


I 


2 


1.96 


0..38 


1.96 


0.39 


1.96 


0.40 


1.96 


0.41 


2 


3 


2.94 


0.57 


2.94 


0.59 


2.94 


0.60 


2.94 


0.61 


3 


4 


3.93 


0.76 


3.92 


0.78 


8.92 


0.80 


8.92 


0.82 


4 


6 4.911 


0.95 


4.90 


0.98 


4.90 


1.00 


4.90 


1.02 


5 


6 


5.89 


1.14 


5.88 


1.17 


5.88 


1.20 


5.87 


1.22 


6 


7 


6.87 


1.34 


6.87 


1.37 


6.86 


1.40 


6.85 


1.43 


7 


8 


7.85 


1.53 


7.85 


1.56 


7.84 


1.59 


7.83 


1.63 


8 


9 


8.83 


1.72 


8.83 


1.76 


8.82 


1.79 


8.81 


1.83 


9 


10 


9.82 


1.91 


9.81 


1.95 


9.80 


1.99 


9.79 


2.04 


10 


11 


10.80 


2.10 
2.29 


10.79 


2.15 


10.78 


2.19 


10.77 


2.24 


11 


12 


11.78 


11.77 


2.34 


11.76 


2.39 


11.75 


2.44 


12 


13 


12.76 


2.48 


12.75 


2.54 


12.74 


2.59 


12.73 


2.65 


13 


14 


13.74 


2.67 


18.73 


2.73 


13.72 


2.79 


18.71 


2.85 


14 


15 


14.72 


2.86 


14.71 


2.93 


14.70 


2.99 


14.69 


3.06 


16 


16 


15.71 


3.05 


15.69 


3.12 


15.68 


3.19 


15.66 


8.26 


16 


17 


16.69 


3.24 


16.67 


3.32 


16.66 


8.39 


16.64 


8.46 


17 


18 


17.67 


3.43 


17.65 


3.51 


17.64 


8.59 


17.62 


3.66 


18 


19 


18.65 


3.63 


18.63 


3.71 


18.62 


3.79 


18.60 


3.87 


19 


20 


19.63 


3.82 


19.62 


3.90 


19.60 


3.99 


19.58 


4.07 


20 


21 


20.61 


4.dl 


20.60 


4.10 


20.58 


4.19 


20.66 


4.28 


21 


22 


21.60 


4.20 


21.58 


4.29 


21.56 


4.39 


21.64 


4.48 


22 


23 


22.58 


4.39 


22.56 


4.49 


22.54 


4.59 


22.62 


4.68 


23 


24 


23.56 


4.58 


23.54 


4.68 


23.52 


4.78 


23.50 


4.89 


24 


25 


24.54 


4.77 


24.52 


4.88 


24.50 


4.98 


24.48 


6.09 


25 


26 


25.52 


4.96 


25.50 


5.07 


25.48 


5.18 


26.46 


5.30 


26 


27 


26.50 


5.15 


26.48 


5.27 


26.46 


5.38 


26.43 


6.50 


27 


28 


27.49 


5.34 


27.46 


5.46 


27.44 


5.58 


27.41 


5.70 


28 


29 


28.47 


5.53 


28.44 


5.66 


28.42 


6.78 


28.39 


6.91 


29 


30 


29.45 


5.72 


29.42 


5.85 


29.40 


5.98 


29.37 


6.11 


30 


31 


30.43 


5.92 


30.40 


6.05 


30.38 


6.18 


30.36 


6.31 


31 


32 


31.41 


6.11 


31.39 


6.24 


31.36 


6.38 


31.33 


6.52 


32 


33 


32.39 


6 30 


32.37 


6.44 


32.34 


6.58 


32.31 


6.72 


33 


34 


33.38 


6.49 


33.36 


6.63 


33.32 


6.78 


33.29 


6.92 


34 


35 


34.36 


6.68 


34.33 


6.83 


34.30 


6.98 


34.27 


7.13 


35 


' 36 


35.34 


6.87 


35.31 


7.02 


35.28 


7.18 


35.25 


7.33 


36 


37 


36.32 


7.06 


36.29 


7.22 


36.26 


7.38 


36.22 


7.53 


37 


38 


37.30 


7.25 


37.27 


7.41 


37.2-4 


7.68 


37.20 


7.74 


88 


39 


38.28 


7.44 


38.25 


7.61 


38.22 


7.78 


38.18 


7.94 


39 


40 


39.27 


7.63 


39.23 


7.80 


39.20 


7.97 


39.16 


8.16 


40 


41 


40.25 


7.82 


40.21 


8.00 


40.18 


8.17 


40.14 


8.35 


41 


42 


41.23 


8.01 


41.19 


8.19 


41.16 


8.37 


41.12 


8.55 


42 


43 


42.21 


8.20 


42.17 


8.39 


42.14 


8.57 


42.10 


8.76 


43 


44 


43.19 


8.40 


43.15 


8.58 


43.12 


8.77 


43.08 


8.96 


44 


45 


44.17 


8.59 


44.14 


8.78 


44.10 


8.97 


44.06 


9.16 


45 


46 


45.1fic 


8.78 


45.12 


8.97 


45.08 


9.17 


45.04 


9.37 


46 


4? : 46.14 


8.97 


46.10 


9.17 


46.06 


9.37 


46.02 


9.57 


47 


48 


47.12 


9.16 


47.08 


9.36 


47.04 


9.67 


46.99 


9.78 


4« 


49 


48.10 


9.35 


48.06 


9.56 


48.02 


9.77 


47.97 


9.98 


49 


_50^ 


49.08 


9.54 


49.04 


9.75 


49.00 


9.97 


48.95 


10.18 


60 


1 

3 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 
iH^g. 


Dep. 


Lat. 


6 


a 


791 


3eg. 


78J 


Deg. 


78i Deg. 



TRAVERSE TABLE* 



n 



g 
s 

51 


11 Deg. 


lU Deg. 


Hi Deg. 


lU Deg, 




Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep> 


Lat. 


De^. 


50.06 


9.^3 


60.02 


9.96 


49.98 


10.17 


49.93 


10.39 


61 


62 


51.04 


9.92 


51.00 


10.14 


50.96 


10.37 


60.91 


10.59 


5i 


63 


52.03 


10.11 


51.98 


10.34 


51.94 


10.67 


61.89 


10.79 


53 


54 


53.01 


10.30 


52.96 


10.63 


62.92 


10.77 


52.87 


11.00 


54 


55 


53.99 


10.49 


53.94 


10.73 


53.9a 


10.97 


53.86 


11.20 


56 


56 


54.97 


10.69 


64.92 


10.93 


54.88 


11.16 


54.83 


11.40 


5t 


57 


55.96 


10.88 


56.90 


11.12 


66.86 


11.36 


65.81 


11.61 


57 


58 


66.93 


11.07 


56.89 


11.32 


66.84 


11.66 


56.78 


11.81 


58 


69 


57.92 


11.26 


57.87 


11.61 


67.82 


11.76 


67.76 


12.01 


59 


CiO 
61 


58.90 


11.46 


58.86 


11.71 


58.80 


11.96 


68.74 


12.22 


60 


59.88 


11.64 


59.83 


11.90 


69.78 


12.16 


59.72 


12.42 


"6l 


62 


60.86 


11.83 


60.81 


12.10 


60.76 


12.36 


60.70 


12.63 


6t 


63 


61.84 


12.02 


61^79 


12.29 


61.74 


12.66 


61.68 


12.83 


68 


64 


62.82 


12.21 


62.77 


12.49 


62.72 


12.76 


62.66 


13.03 


65 


65 


63.81 


12.40 


63.76 


12.68^ 


63.70 


12.96 


63.64 


13.24 


66 


64.79 


12.69 


64.73 


12.88 


64.68 


13.16 


64.62 


13.44 


66 


67 


65.77 


12.78 


65.71 


13.07 


65.66 


13.36 


66.60 


13.64 


67 


63 


66.76 


12.98 


66.69 


13.27 


66.63 


13.66 


66.68 


13.86 


68 


69 


67.73 


13.17 


67.67 


13.46 


67.61 


13.76 


67.65 


14.05 


69 


70 
71 


68.71 


13.36 


68.66 


13.66 


69.59 


13.96 


68.63 


14.26 


70 


69.70 


13.66 


69.64 


13.86 


69.57 


14.16 


69.51 


14.46 


71 


72 


70.68 


13.74 


70.62 


14.05 


70.55 


14.36 


70.49 


14.66 


72 


73 


71.66 


13.93 


71.60 


14.24 


71.83 


•4.55 


71.47 


14.87 


73 


74 


72.64 


14.12 


72.58 


14.44 


72.51 


14.76 


72.45 


15.07 


74 


75 


73.62 


14.31 


73.56 


14.63 


73.49 


14.96 


73.43 


16.27 


76 


76 


74.60 


14.60 


74.64 


14.83 


74.47 


16.16 


74.41 


16.48 


76 


77 


75.69 


14.69 


76.62 


16.02 


75.46 


15.35 


75.39 


16.68 


7T 


78 


76.57 


14.88 


76.60 


15.22 


76.43 


15.65 


76.37 


15.88 


78 


79 


77.65 


16.07 


77.48 


15.41 


77.41 


16.75 


77.34 


16.09 


79 


80 
81 


78.53 
79.51 


16.26 


78.46 


15.61 


78.39 


15.95 


78.32 


16.29 


80 


15.46 


79.44 


15.80 


79.37 


16.15 


79.30 


16.49 


81 


82 


80.49 


15.66 


80.42 


16.00 


80.36 


16.35 


80.28 


16.70 


82 


83 


81.48 


16.84 


81.41 


16.19 


81.33 


16.55 


81.26 


16.90 


88 


84 


82.46 


16.03 


82.39 


16.39 


82.31 


16.75 


82.2-1 


17.11 


84 


85 


83.44 


16.22 


83.37 


16.58 


83.29 


16.95 


83.22 


17.31 


85 


86 


84.42 


16.41 


84.36 


16.78 


84.27 


17.16 


84.20 


17.51 


86 


87 


85.40 


16.60 


85.33 


16.97 


85.25 


17.35 


86.18 


17.72 


87 


88 


86.38 


16.79 


86.31 


17.17 


86.23 


17.54 


86.16 


17.92 


88 


89 


87.36 


16.98 


87.29 


17.36 


87.21 


17.74 


87.14 


18.12 


89 


90 
91 


88.35 


17.17 


88.27 


17.56 


88.19 


17.94 


88.11 


18.33 


90 


89.33 


17.36 


89.26 


17.75 


89.17 


18.14 


89.09 


18.53 


91 


92 


90.31 


17.55 


90.23 


17.95 


90.15 


18.34 


90.07 


18.74 


92 


93 


91.29 


17.75 


91.21 


18.14 


91.13 


18.54 


91.05 


18.94 


93 


94 


92.27 


17.94 


92.19 


18.34 


92.11 


18.74 


92.03 


19.14 


94 


95 


93.26 


18.13 


93.17 


18.53 


93.09 


18.94 


93.01 


19.35 


95 


96 


94.24 


18.32 


94.16 


18.73 


94.07 


19.14 


93.99 


19.55 


96 


97 


95.22 


18.61 


96.14 


18.92 


95.06 


19.34 


94.97 


19.76 


97 


98 


96.20 


18.70 


96.12 


19.12 


96.03 


19.54 


95.95 


19.96 


98 


99 


97.18 


18.89 


97.10 


19.31 


97.01 


19.74 


96.93 


20.16 


99 


100 

§ 
1 


98.16 


19.08 


98.08 


19.51 


97.99 


19.94 


97.90 


20.36 


100 

i 
1 


Dep. 


Lat. 


Dop. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


79 Deg. 


781 Deg. 

!l 


78|Deg. 1 


m Deg. 



10^ 



t6 



TRAVBRSS TAIIUB. 



1 


tSDeg. 


\t\ Deg. 


lt| Deg. 


l«|Dog. 


1 


n).98 


Dep. 
0.21 


Lat. 


Dep. 


Ut. 


Dep. 


Lat 


Dep. 


0.98 


0.21 


0.98 


0.22 


0.98 


0.2% 


1 


t 


1.96 


0.42 1 1.95 


0.42 


1.95 


0.43 


1.95 


0.44 


2 


8 


2.93 


0.62 


2.98 


0.64 


2.93 


0.65 


2.93 


0.66 


3 


4 


3.91 


0.83 


8.91 
«%89 


0.85 


3.91 


0.87 


8.90 


0.88 


4 


5 


4.89 


1.04 


1.06 


4.88 


1.08 


4.88 


1.10 


5 


6 


5,87 


1.25 


5.86 


1.27 


5.86 


1.30 


6.85 


1.32 


6 


7 


6.85 


1.46 


6.84 


1.49 


6.83 


1.52 


6.88 


1.541 7 1 


8 


7.83 


1.66 


7.82 


1.70 


7.81 


1.73 


7.80 


1.77 


6 


9 


8.80 


1.87 


8.80 


1.91 


8.79 


1.95 


8.78 


1.99 


9 


10 
U 


9.78 


2.08 


9.77 


2.12 


9.76 


2.16 


9.75 


2.21 


10 


10.76 


2.29 


10.75 


2.33 


10.74 


2.38 


10.78 


2.43 


11 


12 


11.74 


2.49 


11.73 


2.55 


11.72 


2.60 


11.70 


2.65 


12 


13 


12.72 


2.70 


12.70 


2.76 


12.69 


•2.81 


12.68 


2.87 


13 


14 


13.69 


2.91 


13.68 


2.97 


13.67 


3.03 


18.65 


3.09 


14 


15 


14.67 


3.12 


14.66 


3.18 


14.64 


3.25 


14.63 


3.31 


IR 


16 


15.65 


3.33 


15.64 


8.39 


15.62 


3.46 


15.61 


3.53 


16 


17 


16.63 


3.53 


16.61 


8.61 


16.60 


8.68 


16.58 


3.75 


17 


18 


17.61 


8.74 


17.59 


3.82 


17.. 57 


3.90 


17. C6 


8.97 


18 


19 


18.58 


8.95 


18.57 


4.03 


18.55 


4.11 


18.53 


4.19 


19 


20 
21 


19.56 


4.16 


19.54 


4.24 


19.53 


4.33 


19.51 


4.41 


20 


20.54 


4.37 


20.52 


4.46 


20.50 


4.55 


20.48 


4.63 


21 


22 


21.52 


4.57 


21.50 


4.67 


21.48 


4.76 


21.46 


4.86 


22 


23 


22.50 


4.78 


22.48 


4.88 


22.45 


4.98 


22.43 


5.08 


23 


24 


23.48 


4.99 


23.45 


5.09 


23.43 


5.19 


23.41 


5.30 


24 


25 


24.45 


5.20 


24.43 


5.30 


24.41 


5.41 


24.38 


5.52 


25 


26 


26.43 


5.41 


25.41 


5.52 


25.38 


5.63 


25.36 


5.74 


26 


27 


26.41 


5.61 


26.39 


5.7a 


26.36 


5.84 


26.33 


5.96 


27 


28 


27.39 


5.82 


27.36 


5.94 


27.34 


6.06 


27.31 


6.18 


28 


29 


28.37 


6.03 


28.34 


6.15 


28.31 


6.28 


28.28 


6.40 


29 


30 


29.34 


6.24 


29.32 


6.37 


29.29 


6.49 


29.26 


6.62 


30 


'sT 


30.32 


6.45 


30.29 


6.58 


30.27 


6.71 


30.24 


6.84 


31 


32 


31. .30 


6.65 


31.27 


6.79 


31.24 


6.93 


31.21 


7.06 


32 


33 


.32.28 


6.86 


32.25 


7.00 


32.22 


7.14 


32.19 


r.28 


33 


34 


33.26 


7.07 


33.23 


7.21 


33.19 


7.36 


33.16 


7.50 


34 


35 


34.24 


7.28 


34 20 


7.43 


34.17 


7.58 


34.14 


7.72 


35 


36 


35.21 


7.48 


3t.l8 


7.64 


35.15 


7.79 


35.11 


7.95 


36 


37 


36.19 


7.69 


36.16 


7.85 


36.12 


8.01 


36.09 


8.17 


37 


38 


37.17 


7.90 


37.13 


8.06 


37.10 


8.22 


37.06 


8.39 


38 


39 


38.15 


8.11 


38.11 


8.27 


38.08 


8.44 


38.04 


8.61 


39 


40 


39.13 


8.32 


39.09 


8.49 


39.05 


8.66 


39.01 


8.83 


40 


41 


40.10 


8.52 


40.07 


8.70 


40.03 


8.87 


39.99 


9.05 


41 


42 


41.08 


8.73 


41.04 


8.91 


41.00 


9.09 


40.96 


9.27 


42 


43 


42.06 


8.94 


4?. 02 


9.12 


41.98 


9.31 


41.94 


9.49 


43 


. 44 


43.04 


9.15 


43.00 


9.34 


42.96 


9.52 


42.92 


9.71 


44 


45 


44.02 


9.36 


43.98 


9.55 


43.93 


9.74 


43.89 


9.93 


4.^ 


46 


44.99 


9.56 


44.95 


9.76 


44.91 


9.96 


44.87 


10.15 


46 


47 


45.97 


9.77 


45.93 


9.97 




10.17 


45.84 


10.37 


47 


48 


46.95 


9.98 


46.91 


10.18 


teTsI* 


^■*«7«9 


46.82 


10.59 


48 


49*47.93 


10.19 


47.88 


10.40 


47.84 


10. or 


4U9 


10.81 


49 


_50 


48.91 


10.40 


48.86 


10.61 


48.81 


10.82 


48t77S 


41.03 


50 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat., 


a 


78 1 


)ey. 


771'Deg. 


77i 


Deg. 


m 


Deg. 



TRAVERSE TABLE. 



27 



o 

S' 


12 Deg. 


m T^Bg. 


12^ Deg. 


121 Deg. 


D 


1 
5i 










1 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


49.89 


10.00 


49.84 


10.62 


49.79 


11.04 


49.74 


11.26 


51 


52 


50.86 


10.81 


60.82 


11.03 


60.77 


11.26 


50.72 


11.48 


52 


53 


61.84 


11.02 


61.79 


11.26 


61.74 


11.47 


51.69 


11.70 


63 


64 


62.82 


11.23 


62.77 


11.46 


52.72 


11.69 


62.67 


11.92 


64 


55 


53.80 


11.44 


63.75 


M.67 


63.70 


11.90 


63.64 


12.14 


56 


56 


64.78 


11.64 


64.72 


11.88 


64.67 


12.12 
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18 


19 


18.44 


4.60 


18.42 


4.68 


18.39 


4.76 


18.37 


4.84 


19 


20 
21 


19.41 


4.84 


19.38 


4.93 


19.36 


5.01 


19.34 


6.09 


30 


20.38 


5.08 


30.35 


5.17 


20.33 


6.36 


30.31 


5.35 


21 


22 


21.35 


5.32 


21.32 


5.42 


21.30 


6.61 


31.38 


6.60 


22 


23 


22.32 


5.56 


32.29 


5.66 


23.27 


5.76 


33.34 


5.86 


33 


24 


23.99 


5.81 


33.26 


5.91 


•33.24 


6.01 


33.21 


6.11 


24 


25 


24.26 


6.05 


24.23 


6.15 


24.30 


6.36 


24.18 


6.37 


25 


26 


25.23 


6.29 


25.20 


6.40 125.17 
6.65 36.14 


6.51 


35.14 


6.62 


26 


27 


26.20 


6.53 


26.17 


6.76 


36.11 


6.87 


27 


28 


27.17 


6.77 


27.14 


6.89 


37.11 


7.01 


37.08 


7.13 


28 


29 


28.14 


7.02 


28.11 


7.14 


38.08 


7.36 


28.04 


7.38 


29 


30 
31 


29.11 


7.26 


29.08 


7.38 


39.04 


7.61 


29.01 


7.64 


30 


30.08 


7.50 


30.05 


7.63 


30.01 


7.76 


29.98 


7.89 


31 


32 


31.05 


7.74 


31.02 


7.88 


30.98 


8.01 


30.95 


8.15 


33 


33 


32.02 


7.98 


31.98 


8.13 


31.95 


8.36 


31.91 


8.40 


33 


34 


32.99 


8.23 


32.95 


8.37 


33 93 


8.51 


32.88 


8.6G 


34 


35 


83.96 


8.47 


33.92 


8.63 


33.89 


8.76 


33.85 


8.91 


35 


36 


34.93 


8.71 


34.89 


8.86 


34.85 


9.01 


34.81 


9.17 


36 


37 


35.90 


8.95 


35.86 


9.11 


35.83 


9.36 


35.78 


9.42 


37 


38 


36.87 


9.19 


36.83 


9.35 


36.79 


9.51 


36.75 


9.67 


38 


39 


37.84 


9.44 


37.80 


9.60 


37.76 


9.76 


37.71 


9.93 


39 


40 
41 


38.81 


9.68 


38.77 


9.85 


38.73 


10.02 


38.68 


10.18 


40 


39.78 


9.92 


39.74 


10.09 


39.69 


10.27 


39.65 


10.44 


41 


42 


40.75 


10.16 


40.71 


10.34 


40.66 


10.52 


40.62 


10.69 


42 


43 


41.72 


10.40 


41.68 


10.68 


41.63 


10.77 


41.58 


10.95 


43 


44 


42.69 


10.64 


42.65 


10.83 


43.60 


11.02 


42.55 


11.20 


44 


45 


43.66 


10.89 


43.62 


11.08 


43.57 


11.27 


43.52 


11.46 


4S\ 


46 


44.63 


11.13 


44.58 


11.33 


44.53 


11.52 


44.48 


11.71 


46 


47 


45.60 


11.37 


45.55 


11.57 


45.50 


11.77 


45.45 


11.97 


47 


48 


46.57 


11.61 


46.52 


11.82 


46.47 


12.02 


46.42 


12.22 


48 


49 


47.54 


11.85 


47.49 


12.06 


47.44 


12.27 


47.39 


12.48 


49 


50 

s" 

c 
.2 

Q 


48.51 


12.10 


48.46 


12.31 


48.41 


12.62 


48.35 


12.73 


50 

3 

1 


Dop. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dop. 


Lat. 


76 1 


>eg. 


75} 


Deg. 


76J Deg. 


761 Deg. 



TRAVERSE TABLE. 



3l 



61 


14 Deg. 


\4\ Deg. 


14i Deg. 


141 Deg. 


1 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


49.49 


12.34 


49.43 


12.65 


49.38 


12.77 


49.32 


12.96 


61 


52 


60.46 


12.68 


60.40 


12.80 


60.34 


13.02 


60.29 


13.24 


62 


63 


61.43 


12.82 


61.37 


13.05 


61.31 


13.27 


61.26 


13.49 


53 


64 


62.40 


13.06 


62.34 


13.29 


62.28 


13.52 


62.22 


13.76 


64 


65 


..3.37 


13.31 


63.31 


13.54 


63.25 


13.77 


63.19 


14.00 


66 


66 


64.34 


13.65 


54.28 


13.78 


54.22 


14.02 


54.16 


14.26 


66 


67 


65.31 


13.79 


55.25 


14.03 


66.18 


14.27 


66.12 


14.61 


67 


68 


56.28 


14.03 


66.22 


14.28 


66.15 


14.62 


56.09 


14.77 


68 


69 


57.26 


14.27 


57.18 


14.62 


57.12 


14.77 


67.06 


15.02 


69 


60 
61 


68.22 


14.52 


68.15 


14.77 


68.09 


16.02 


68.02 


16.28 


60 


69.19 


14.76 


59.12 


16.02 


69.06 


16.27 


68.99 


16.. "iS 


61 


62 


60.16 


15.00 


60.usf 


15.26 


60.03 


16.62 


69.96 


16.79 


62 


63 


61.13 


16.24 


61.06 


16.6' 


60.99 


16.77 


60.92 


16.04 


63 


64 


62.10 


16.48 


62.03 


16.75 


61.96 


16.02 


61.89 


16.29 


64 


65 


63.07 


15.72 


63.00 


16.00 


62.93 


16.27 


62.86 


16.65 


65 


66 


64.04 


15.97 


63.97 


16.26 


63.90 


16.63 


63.83 


16.80 


66 


67 


65.01 


16.21 


64.94 


16.49 


64.87 


16.78 


64.79 


17.06 


67 


68 


65.98 


16.45 


65.91 


16.74 


66.83 


17.03 


66.76 


17.31 


68 


CO 


66.95 


16.69 


66.88 


16.98 


66.80 


17.28 


66.73 


17.57 


69 


70 
71 


67.92 


16.93 


67.85 


17.23 


67.77 


17.63 


67.69 


17.82 


70 


68.89 


17.18 


68.82 


17.48 


68.74 


17.78 


68.66 


18.08 


71 


72 


69.86 


17.42 


69.78 


17.72 


69.71 


18.03 


69.63 


18.33 


72 


73 


70.83 


17.66 


70.75 


17.97 


70.67 


18.28 


70.69 


18.59 


73 


74 


71.80 


17.90 


71.72 


18.22 


71.64 


18.53 


71.56 


18.84 


74 


75 


72.77 


18.14 


72.69 


18.46 


72.61 


18.78 


72.63 


19.10 


76 


76 


73.74 


18.39 


73.66 


18.71 


73.68 


19.03 


73.60 


19.35 


76 


77 


74.71 


18.63 


74.63 


18.96 


74.65 


19.28 


74.46 


19.60 


77 


78 


75.68 


18.87 


75.60 


19.20 


75.52 


19.53 


76.43 


19.80 


78 


79 


76.65 


19.11 


76.67 


19.46 


76.48 


19.78 


76.40 


20.11 


79 


80 
81 


77.62 
78.69 


19.35 


77.64 


19.69 


77.46 


20.03 


77.36 


20.. ^7 


60 


19.60 


78.61 


19.94 


78.42 


20.28 


78.33 


20.62 


81 


82 


79.66 


19.84 


79.48 


20.18 


79.39 


20.53 


79.30 


20.88 


82 


83 


80^63 


20.08 


80.46 


20.43 


80.36 


20.78 


80.26 


21.13 


83 


84 


81.60 


20.32 


81.42 


20.68 


81.32 


21.03 


81.23 


21.39 


84 


85 


82.48 


20.56 


82.38 


20.92 


82.29 


21.28 


82.20 


21.64 


85 


86 


83.45 


20.81 


83.35 


21.17 


83.26 


21.53 


83.17 


21.90 


86 


87 


84.42 


21.06 


84.32 


21.42 


84.23 


21.78 


84.13 


22.16 


87 


88 


85.39 


21.29 


86.269 


21.66 


86.20 


22.03 


86.10 


22.41 


88 


89 


86.36 


21.53 


86.26 


21.91 


86.17 


22.28 


86.07 


22.66 


89 


90 
91 


87.33 


21.77 


87.23 


22.16 


87.13 


22.53 


87.03 


22.91 


90 


88.30 


22.01 


88.20 


22.40 


88.10 


22.78 


88.00 


23.17 


91 


92 


89.27 


22.26 


89.17 


22.66 


89.07 


23.04 


88.97 


23.42 


92 


93 


90.24 


22.60 


90.14 


22.89 


90.04 


23.29 


89.94 


23.68 


93 


94 


91.21 


22.74 


91.11 


23.14 


91.01 


23.64 


90.90 


23.93 


94 


95 


92.18 


22.98 


92.08 


23.38 


91.97 


23.79 


91.87 


24.19 


96 


96 


93.15 


23.22 


93.06 


23.63 


92.94 


24.04 


92.84 


24.44 


96 


97 


94.12 


23.47 


94.02 


23.88 


93.91 


24.29 


93.80 


24.70 


97 


98 


95.09 


23.71 


94.98 


24.12 


94.88 


24.64 


94.77 


24.96 


98 


99 


96.06 


23 9i» 


95.96 


24.37 


95.85 


24.79 


96.74 


25.21 


99 


100 

a 


97.03 


24.19 


96.92 


24.62 


96.81 


25.04 


96.70 


25.46 


100 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


i 

.2 
Q 


76 Deg. 


76} Deg. 


75J Deg. 


75^ Deg. 
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b 


16 Deg. 


154 ^•g- 


16J Deg. 


151 Deg. 


q 

9 




Lat. 


Dep. 


Lat, 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 




1 


0.97 


0.26 


0.96 


0.26 


0.96 


0.27 


0.96 


0.27 


I 




2 


1.93 


0.62 


1.93 


0.63 


1.93 


0.53 


1.92 


0.64 


2 




3 


2.90 


0.78 


2.89 


0.79 


2.89 


0.80 


8.89 


0.81 


3 




4 


3.86 


1.04 


3.86 


1.06 


8.86 


1.07 


8.85 


1.09 


4 




5 


4.83 


1.29 


4.82 


1.32 


4.82 


1.84 


4.81 


1.36 


5 




6 


5.80 


1.66 


5.79 


1.58 


5.78 


1.60 


5.77 


1.63 


6 




7 


6.76 


1.81 


6.76 


1.84 


6.75 


1.87 


6.74 


1.90 


7 




8 


7.78 


2.07 


7.72 


2.10 


7.71 


2.14 


7.70 


2.17 


8 




9 


8.69 


2.33 


8.68 


2.87 


8.67 


2.41 


8.66 


2.44 


9 




10 


9.66 


2.69 


9.66 


2.63 


9.64 


2.67 


9.62 


2.71 


10 




11 


10.63 


2.86 


10.61 


2.89 


10.60 


2.94 


10.69 


2.99 


11 




12 


11.69 


3.11 


11.68 


3.16 


11.66 


8.21 


11.65 


3.26 


12 




13 


12.66 


3.36 


12.64 


3.42 


12.63 


8.47 


12.61 


8.53 


13 




U 


13.62 


3.62 


13.61 


3.68 


13.49 


3.74 


18.47 


8.80 


14 




16 


14.49 


3.88 


14.47 


3.96 


14.45 


4.01 


14.44 


4.07 


15 




16 


16.46 


4.14 


16.44 


4.21 


15.42 


4.28 


16.40 


4.34 


16 




17 


16.42 


4.40 


16.40 


4.47 


16.38 


4.64 


16.86 


4.61 


17 




18 


17.39 


4.66 


17.37 


4.73 


17.36 


4.81 


17.82 


4.89 


18 




19 


18.36 


4.92 


18.33 


6.00 


18.31 


5.08 


18.29 


5.16 


19 




20 
21 


19.32 
20.28 


6.18 
6.44 


19.30 


5.26 


19.27 


6.34 


19.26 


5.43 


20 




20.26 


5.62 


20.24 


5.61 


20.21 


5.70 


21 




22 


21.2r» 


6.69 


21.23 


6.79 


21.20 


5.88 


21.17 


5.97 


22 




23 


22.22 


6.96 


22.19 


6.06 


22.16 


6.16 


22.14 


6.24 


28 




24 


23.18 


6.21 


23.15 


6.31 


23.13 


6.41 


23.10 


6.61 


24 




26 


24.16 


6.47 


24.12 


6.68 


24.09 


6.68 


24.06 


6.79 


25 




26 


26.11 


6.73 


26.08 


6.84 


25.05 


6.96 


25.02 


7.06 


26 




27 


26.08 


6.99 


26.06 


7.10 


26.02 


7.22 


25.99 


7.33 


27 




28 


27.05 


7.26 


27.01 


7.36 


26.98 


7.48 


26.96 


7.60 


28 




29 


28.01 


7.61 


27.98 


7.63 


27.95 


7.76 


27.91 


7.87 


29 




30 


28.98 


7.76 


28.94 


7.89 


28.91 


8.02 


28.87 


8.14 


80 




31 


29.94 


8.02 


29.91 


8.16 


29.87 


8.28 


29.84 


8.41 


31 




32! 30.91 


8.28 


30.87 


8.42 


30.84 


8.66 


30.80 


8.69 


32 




83 


31.88 


8.64 


31.84 


8.68 


31.80 


8.82 


31.76 


8.96 


33 




34 


32.84 


8.80 


32.80 


8.94 


32.76 


9.09 


32.72 


9.23 


34 




36 


33.81 


9.06 


33.77 


9.21 


33.73 


9.36 


33.69 


9.60 


85 




36 


34.77 


9.32 


34.73 


9.47 


34.69 


9.62 


34.66 


9.77 


36 




37 


36.74 


9.68 


36.70 


9.73 


35.65 


9.89 


35.61 


10.04 


37 




38 


36.71 


9.84 


36.66 


10.00 


36.62 


10.16 


36.57 


10.31 


88 




39 


37.67 


10.09 


37.63 


10.26 


37.58 


10.42 


37.64 


10.59 


39 




40 


38.64 


10.36 


38.59 


10.62 


38.66 


10.69 


38.50 


10.86 


40 




41 


39.60 


10.61 


39.56 


10.78 


39.51 


10.96 


39.46 


11.13 


41 




42 


40.67 


10.87 


40.62 


11.06 


40.47 


11.22 


40.42 


11.40 


42 




43 


41.63 


11.13 


41.49 


11.81 


41.44 


11.49 


41.39 


11.67 


43 




44 


42.60 


11.39 


42.46 


11.57 


42.40 


11.76 


42.36 


11.94 


44 




45 


43.47 


11.65 


43.42 


11.84 


43.36 


12.03 


43.31 


12.21 


46 




46 


44.43 


11.91 


44.38 


12.10 


44.33 


12.29 


44.27 


12.49 


46 




47 


45.40 


12.16 


45.35 


12.36 


45.29 


12.86 


45.24 


12.76 


47 




48 


46.36 


12.42 


46.31 


12.63 


46.25 


12.83 


46.20 


13.03 


48 




49 


47.33 


12.68 


47.27 


12.89 


47.22 


13.09 


47.16 


13.30 


49 




60 


48.30 


12.94 '48.24 


13.16 


48.18 


13.36 


48.12 


13.57 


50 




1 


Dep. 


Lat. j| Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


1 




75] 

I 


Deg. 


\u 


Deg. 


74jDeg. 


744 Deg. 





TRAVfiRSJE TABLE. 



33 



"61 


15 Deg. 


1 

15i Deg. 


154 ^n- 1 

1 


15} Deg. 


1 

p 

a 

51 


Lai. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


49.26 


13.20 


49.20 


13.41 


49.16 


13.63 


49.09 


13.84 


52 


50.23 


13.46 


60.17 


13.68 


60.11 


13.90 


50.06 


14.11 


52 


53 


51.19 


13.72 


51.13 


13.94 


61.07 


14.16 


61.01 


14.39 


53 


64 


52.16 


13.98 


62.10 


14.20 


52.04 


14.43 


61.97 


14.66 


54 


56 


53.13 


14.24 


53.06 


14.47 


63.00 


14.70 


62.94 


14.93 


65 


66 


54.09 


14.49 


54.03 


14.73 


63.96 


14.97 


53.90 


15.20 


66 


57 


55.06 


14.75 


64.99 


14.99 


54.93 


15.23 


64.86 


15.47 


67 


68 


56.02 


15.01 


56.96 


16.26 


56.89 


15.50 


55.82 


16.74 


58 


59 


56.99 


15.27 


66.92 


15.52 


56.85 


15.77 


56.78 


16.01 


59 


60 
61 


57.96 


15.53 


67.89 


16.78 


67.82 
68.78 


16.03 


57.76 


16.29 


60 

61 


58.92 


15.79 


68.85 


16.04 


16.30 


68.71 


16.66 


62 


59.89 


16.05 


69.82 


16.31 


59.76 


16.67 


59.67 


16.83 


62 


63 


60.85 


16.31 


60.78 


16.67 


60.71 


16.84 


60.63 


17.10 


63 


64 


61.82 


16.56 


61.75 


16.83 


61.67 


17.10 


61.60 


17.37 


64 


65 


62.79 


16.82 


62.71 


17.10 


62.64 


17.37 


62.56 


17.64 


65 


66 


63.75 


17.08 


63.68 


17.36 


63.60 


17.64 


63.62 


17.92 


66 


67 


64.72 


17.34 


64.64 


17.62 


64.56 


17.90 


64.48 


18.19 


67 


68 


65.68 


17.60 


65.61 


17.89 


66.53 


18.17 


66.46 


18.46 


68 


69 


66.65 


17.86 


66.57 


18.16 


66.49 


18.44 


66.41 


18.73 


69 


70 
71 


67.61 


18.12 


67.54 


18.41 


67.45 


18.71 


67.37 


19.00 


70 
71 


68.68 


18.38 


68.60 


18.68 


68.42 


18.97 


68.33 


19.27 


72 


69.55 


18.63 


69.46 


18.94 


69.38 


19.24 


69.30 


19.64 


72 


73 


70.51 


18.89 


70.43 


19.20 


70.35 


19.51 


70.26 


19.82 


73 


74 


71.48 


19.15 


71.39 


19.46 


71.81 


19.78 


71.22 


20.09 


74 


75 


72.44 


19.41 


72.36 


19.73 


72.27 


20.04 


72.18 


20.36 


76 


76 


73.41 


19.67 


73.32 


19.99 


73.24 


20.31 


78.15 


20.63 


76 


77 


74.38 


19.93 


74.29 


20.26 


74 9,0 


20.68 


74.11 


20.90 


77 


78 


75.34 


20.19 


75.25 


20.52 


76. J6 


20.84 


75.07 


21.17 


78 


79 


76.31 


20.45 


76.22 


20.78 


76.13 


21.11 


76.03 


21.44 


79 


60 
81 


77.27 


20.71 


77.18 
78.15 


21.04 
21.31 


77.09 
78.05 


21.38 


77.00 


21.72 


80 
81 


78.24 


20.96 


21.66 


77.96 


21.99 


82 


79.21 


21.22 


79.11 


21.57 


79.02 


21.91 


78.92 


22.26 


82 


83 


80.17 


21.48 


80.08 


21.83 


79.98 


22.18 


79.88 


22.53 


83 


84 


81.14 


21.74 


81.04 


22.09 


80.94 


22.46 


80.85 


22.80 


84 


85 


82.10 


22.00 


82.01 


22.36 


81.91 


22.72 


81.81 


23.07 


85 


86 


83.07 


22.26 


82.97 


22.62 


82.87 


22.98 


82.77 


23.34 


86 


87 


84.04 


22.52 


83.94 


22.88 


83.84 


23.26 


83.73 


23.62 


87 


88 


85.00 


22.78 


84.90 


23.16 


84.80 


23.52 


84.70 


23.89 


88 


89 


85.97 


23.03 


85.87 


23.41 


85.76 


23.78 


85.66 


24.16 


89 


90 
91 


86.93 


23.29 


86.83 


23.67 


86.73 


24.06 


86.62 


24.48 


90 
91 


87.90 


23.65 


87.80 


23.94 


87.69 


24.32 


87.58 


24.70 


92 


88.87 


23.81 


88.76 


24.20 


88.66 


24.59 


88.55 


24.97 


92 


93 


89.83 


24.07 


89.73 


24.46 


89.62 


24.86 


89.51 


25.24 


93 


94 


90.80 


24.33 


90.69 


24.72 


90.58 


26.12 


90.47 


25.52 


94 


95 


91.76 


24.59 


91.65 


24.99 


91.54 


25.39 


91.43 


25.79 


95 


96 


92.73 


24.85 


92.62 


26.26 


92.51 


25.66 


92.40 


26.06 


96 


97 


93.69 


26.11 


93.68 


26.61 


93.47 


25.92 


93.36 


26.33 


97 


98 


94.66 


25.36 


94.65 


26.78 


94.44 


26.19 


94.32 


26.60 


98 


99 


95.63 


25.62 


95.61 


26.04 


95.40 


26.46 


96.28 


26.87 


99 


100 

1 

.2 


96.59 


25.88 


96.48 


26.30 


96.36 


26.72 


9e.fi± 


27.14 


100 

1 


Dep. 


Lat. 


Drfp. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


75 Deg. 


74} Deg. 


74i Deg. 


m Deg. 



S4 



TRAVERSE TABLE. 



5 

s 


16 Deg. 16\ Deg. 


16J Deg. 


161 Deg. j 


C 




Lat. 


Dep. 


Lat. Dep. 


Lat. 


Dep. 


Lat. 


Dep. 




1 


0.96 


0.28 


0.96 0.28 


0.96 


0.28 


0.96 


0.29 


1 




2 ! I 92 I 


0.55 


1.92 


0.56 


1.92 


0.57 


1.92 


0.58 


2 




3 


2.86 


0.83 


2.68 


0.84 


2.88 


>0.85 


2.87 


0.86 


3 




4 


3.85 


1.10 


3.64 


1.12 


3.84 


1.14 


3.83 


1.16 


i 




5 


4.81 


1.38 


4.80 


1.40 


4.79 


1.42 


4.79 


1.44 


6 




6 


5.77 


1.65 


5.76 


1.66 


6,75 1.70 1 


5.76 


1.73 


6 




7 


6.73 


1.93 


6.72 


1.96 


6.71 


1.99 


6.70 


2.02 


7 




8 


7.69 


2.21 


7.68 


2.24 


7.67 


2.27 


7.66 


2.31 


8 




9 


6.65 


2.48 


8.64 


2.52 


8.63 


2.66 


6.62 


2.69 


9 




10 


9.61 


2.76 


9.60 


2.80 


9.59 


2.84 


9.68 


2.88 


10 
11 




11 


10.57 


3.03 


10.56 


3.08 


10.65 


3.12 


10.63 


3.17 




12 


11.54 


3.31 


11.52 


3.36 


11.51 


3.41 


11.49 


3.46 


12 




13 


12.50 


3.58 


12.48 


3.64 


12.46 


3.69 


12.46 


3.75 


13 




14 


13.46 


3.86 


13.44 


3.92 


13.42 


3.98 


13.41 


4.03 


14 




15 


14.42 


4.13 


14.40 


4.20 


14.38 


4.26 


14.36 


4.32 


16 




16 


15.38 


4.41 


15.36 


4.48 


15.34 


4.54 


15.32 


4.61 


16 




17 


16.34 


4.69 


16.32 


4.76 


16.30 


4.83 


16.28 


4.90 


17 




18 


17.30 


4.96 


17.28 


5.04 


17.26 


5.11 


17.24 


6.19 


i^ 




19 


18.26 


5.24 


18.24 


5.32 


18.22 


5.40 


18.19 


6.48 


19 




20 


19.23 


5.51 


19.20 


5.60 


19.18 


5.68 


19.16 


5.76 


20 




21 


20.19 


5.79 


20.16 


5.88 


20.14 


5.96 


20.11 


6.06 


21 




22 


21.15 


6.06 


21.12 


6.16 


21.09 


6.25 


21.07 


6.34 


22 




23 


22.11 


6.34 


22.08 


6.44 


22.05 


6.53 


22.02 


6.63 


23 




24 


23.07 


6.62 


23.04 


6.72 


23.01 


6.82 


22.98 


6.92 


24 




25 


24.03 


6.89 


24.00 


7.00 


23.97 


7.10 


23.94 


7.20 


25 




26 


24.99 


7.17 


24.96 


7.28 


24.93 


7.38 


24.90 


7.49 


26 




27 


25.95 


7.44 


25.92 


7.56 


25.89 


7.67 


26.86 


7.78 


27 




28 


26.92 


7.72 


26.88 


7.84 


26.85 


7.95 


26.81 


8.07 


28 




29 


27.88 


7.99 


27.84 


6.11 


27.81 


8.24 


27.77 


8.36 


29 




30 
31 


28.84 


8.27 


28.80 


8.39 


28.76 


8.52 


28.73 


6.66 


30 




29.80 


8.54 


29.76 


8.67 


29.72 


8.80 


29.68 


8.93 


31 




32 


30.76 


6.82 


30.72 


6.95 


30.68 


9.09 


30.64 


9.22 


32 




33 


31.72 


9.10 


31.68 


9.23 


31.64 


9.37 


31.60 


9.61 


33 




34 


32.68 


9.37 


32.64 


9.51 


32.60 


9.66 


32.56 


9.80 


34 




35 


33.64 


9.65 


33.60 


9.79 


33.56 


9.94 


33.51 


10.09 


35 




36 


34.61 


9.92 


34.56 


10.07 


34.52 


10.22 


34.47 


10.38 


36 




37 


35.57 


10.20 


35.52 


10.35 


35.48 


10.51 


35.43 


10.66 


37 




38 


36.53 


10.47 


36.48 


10.63 


36.44 


10.79 


36.39 


10.95 


38 




39 


37.49 


10.75 


37.44 


10.91 


37.39 


11.08 


37.35 


11.24 


39 




40 
41 


38.45 


11.03 


38.40 


11.19 


38.35 


11.36 


38.30 


11.53 


40 
41 




39.41 


11.30 


39.36 


11.47 


39.31 


11.64 


39.26 


11.82 




42 


40.37 


11.58 


40.32 


11.75 


40.27 


11.93 


40.22 


12.10 


42 




43 


41.33 


11.85 


41.28 


12.03 


41.23 


12.21 


41.18 


12.39 


43 




44 


42.30 


12.13 


42.24 


12.31 


42.19 


12.50 


42.13 


12.68 


44 




45 


43.26 


12.40 


43.20 


12.59 


43.15 


12.78 


43.09 


12.97 


46 




46 


44.22 


12.68 


44.16 


12.87 


44.11 


13.06 


44.05 


13.26 


46 




47 


45.18 


12.95 


45.12 


13.15 


45.06 


13.35 


45.01 


13.55 


47 




48 


46.14 


13.23 


46.08 


13.43 


46.02 


13.63 


45.96 


13.83 


48 




49 


47.10 


13.51 


47.04 


13.71 


46.98 


13.92 


4B.92 


14.12 


49 




50 


48.06 


13.78 


48.00 


13.99 


47.94 


14.20 


47.88 


14.41 


60 




Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 




74 


Deg. 


73} Deg. 


^^ Deg. 


73i Deg. 





TRAVESSE TABLE 



36 



5 

»' 

S 

9 
51 


16 Deg. 


m Deg. 


164 Deg. 


161 Deg. 


D 
5- 

"51 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


49.02 


14.06 


48.96 


14.27 


48.90 


14.48 


48.84 


14.70 


53 


49.99 


14.33 


49.92 


14.66 


49.86 


14.77 


49.79 


14.99 


52 


53 


50.95 


14.61 


50.88 


14.83 


60.82 


15.05 


50.75 


15.27 


53 


54 


51.91 


14.88 


51.84 


15.11 


51.78 


16.34 


61.71 


15.66 


64 


55 


52.87 


15.16 


52.80 


15.39 


52.74 


15.62 


62.67 


15.85 


55 


56 


.'S3. 83 


15.44 


53.76 


16.67 


53.69 


16.90 


63.62 


16.14 


66 


57 


64.79 


16.71 


64.72 


16.95 


54.65 


16.19 


54.68 


16.43 


57 


58 


55.75 


15.99 


65.68 


16.23 


66.61 


16.47 


56.54 


16.72 


58 


59 


56.71 


16.26 


66.64 


16.51 


66.57 


16.76 


66.50 


17.00 


69 


60 
61 


57.68 


16.54 


67.60 


16.79 


67.53 


17.04 


67.45 


17.29 


60 
61 


58.64 


16.81 


58.56 


17.07 


58.49 


17.32 


58.41 


17.68 


62 


59.60 


17.09 


69.52 


17.36 


59.46 


17.61 


69.37 


17.87 


62 


63 


60.56 


17.37 


60.48 


17.63 


60.41 


17,89 


60.33 


18.16 


63 


64 


61.52 


17.64 


61.44 


17.91 


61.36 


18.18 


61.28 


18.44 


64 


65 


62.48 


17.92 


62.40 


18.19 


62.32 


18.46 


62.24 


18.73 


65 


66 


63.44 


18.19 


63.36 


18.47 


63.28 


18.74 


63.20 


19.02 


66 


67 


64.40 


18.47 


64.32 


18.75 


64.24 


19.03 


64.16 


19.31 


67 


68 


65.37 


18.74 


65.28 


19.03 


65.20 


19.31 


65.11 


19.60 


68 


69 


66.33 


19.02 


66.24 


19.31 


66.16 


19.60 


66.07 


19.89 


69 


70 


67.29 


19.29 


67.20 


19.59 


67.12 


19.88 


67.03 


20.17 


70 
71 


71 


68.25 


19.57 


68.16 


19.87 


68.08 


20.17 


67.99 


20.46 


72 


69.21 


19.85 


69.12 


20.15 


69.03 


20.45 


68.95 


20.75 


72 


73 


70.17 


20.12 


70.08 


20.43 


69.99 


20.73 


69.90 


21.04 


73 


74 


71.13 


20.40 


71.04 


20.71 


70.95 


21.02 


70.86 


21.33 


74 


75 


72.09 


20.67 


72.00 


20.99 


71.91 


21.30 


71.82 


21.61 


75 


76 


73.06 


20.95 


72.96 


21.27 


72.87 


21.69 


72.78 


21.90 


76 


77 


74.02 


21.22 


73.92 


21.66 


73.83 


21.87 


73.73 


22.19 


77 


78 


74.98 


21. .50 


74.88 


21.83 


74.79 


22.15 


74.69 


22.48 


78 


79 


75.94 


21.78 


75.84 


22.11 


75.76 


22.44 


75.65 


22.77 


79 


80 
81 


76.90 


22.05 


76.80 


22.39 


76.71 


22.72 


76.61 


23.06 


80 
81 


77.86 


22.33 


77.76 


22.67 


77.66 


23.01 


77.66 


23.34 


82 


78.82 


22.60 


78.72 


22.95 


78.62 


23.29 


78.62 


23.63 


82 


83 


79.78 


22.88 


79.68 


23.23 


79.58 


23.57 


79.48 


23.92 


83 


84 


80.76 


23.15 


80.64 


23.51 


80.54 


23.86 


80.44 


24.21 


84 


85 


81.71 


23.43 


81.60 


23.79 


81.60 


24.14 


81.39 


24.50 


85 


86 


82.67 


23.70 


82.66 


24.07 


82.46 


24.43 


82.36 


24.78 


86 


8"! 


83.63 


23.98 


83.62 


24.36 


83.42 


24.71 


83.31 


25.07 


87 


88 


84.59 


24.26 


84.48 


24.62 


84.38 


24.99 


84.27 


25.36 


88 


89 


85.55 


24.53 


86.44 


24.90 


85.83 


25.28 


85.22 


25.65 


89 


90 
91 


80.51 


24.81 


86.40 


25.18 


86.29 


25.66 


86.18 


25.94 


90 
91 


87.47 


25.08 


87.36 


26.46 


87.25 


25.85 


87.14 


26.23 


92 


88.44 


25.36 


88.32 


25.74 


88.21 


26.13 


88.10 


26.51 


92 


93 


89.40 


25.63 


89.28 


26.02 


89.17 


26.41 


89.05 


26.80 


93 


94 


90.36 


25.91 


90.24 


26.30 


90.13 


26.70 


90.01 


27.09 


94 


95 


91.32 


26.19 


91.20 


26.68 


91.09 


26.98 


90.97 


27.38 


95 


96 


92.28 


26.46 


92.16 


26.86 


92.06 


27.27 


91.93 


27.67 


96 


97 


93.24 


26.74 


93.12 


27.14 


93.'01 


27.65 


92.88 


27.95 


97 


98 


94.20 


27.01 


94.08 


27.42 


93.96 


27.83 


93.84 


28.24 


98 


99 


95.16 


27.29 


95.04 


27.70 


94.92 


28.12 


94.80 


28.53 


99 


100 

.2 

O 


96.13 


27.56 


96.00 


27.98 


95.88 


28.40 


95.76 


28.82 


100 

ti 
u. 



Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


74 Deg. 


731 Deg. 


734 Deg. 


734 Deg. 



S6 



TBAVSBSE TABLB. 



SS' 

J. 

1 

2 
3 
4 
5 
6 
7 
6 
9 

i2 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
87 
38 
39 

JO 

41 
42 
43 
44 
4ft 
46 
47 
48 
49 
50 



17 Deg. 



Lat Dep. 



0.96 
1.91 
2.87 
3.83 
1.78 
6.74 
6.69 
7.65 
8.61 
9.56 



10.52 
11.48 
12.43 
13.39 
14.34 
15.30 
16.26 
17.21 
18.17 
19.13 



20.08 
21.04 
21.99 
22.95 
23.91 
24.86 
25.82 
26.78 
27.73 
28.69 



29.65 
30.60 
31.56 
32.51 
33.47 
34.43 
85.38 
36.34 
37.30 
38.25 



0.29 
0.58 
0.88 
1.17 
1.46 
1.75 
2.05 
2.34 
2.63 
2.92 



17i Deg. I 17| Deg. 



Lat. Dep. n Lat Dep. 



8.22 
8.51 
8.80 
4.09 
4.39 
4.68 
4.97 
5.26 
5.56 
5.85 



6.14 
6.43 
6.72 
7.02 
7.31 
7.60 
7.89 
8.19 
8.48 
8.77 



9.06 

9.36 

9.65 

9.94 

10.23 

10.53 

10.82 

11.11 

11.40 

11.69 



11.99 
12.28 
12.57 
12.86 
13.16 
13.45 
95 i 13.74 
90, 14.03 
86 14.33 
82 14.62 



Dep. Lat. 
73 Deg, 



0.95 
1.91 
2.87 
3.82 
4.78 
5.78 
6.69 
7.64 
8.60 
9.55 



10.51 
11.46 
12.42 
13.37 
14.83 
15.28 
16.24 
17.19 
18.15 
19.10 



20.06 
21.01 
21.97 
22.92 
23.88 
24.83 
25.79 
26.74 
27.70 
28.65 



29.61 
30.56 
31.52 
32.47 
33.43 
34.38 
35.34 
36.29 
37.25 
38.20 



39.16 
40.11 
41.07 
42.02 
42.98 
43.93 
44.89 
45.84 
46.80 
47.75 



0.30 
0.59 
0.89 
1.19 
1.48 
1.78 
2.08 
2.37 
2.67 
2.97 



3.26 
8.56 
8.85 
4.15 
4.45 
4.74 
5.04 
5.84 
5.63 
5.93 



6.23 
6.52 
6.82 
7.12 
7.41 
7.71 
8.01 
8.30 
8.60 
8.90 



9.19 
9.49 
9.79 
10.08 
10.38 
10.68 
10.97 
11.27 
11.57 
11.86 



12.16 
12.45 
12.75 
13.05 
13.84 
13.64 
13.94 
14.23 
14.53 
14.83 



Dep. Lat. 
72J Deg. 



0.95 
1.91 
2.86 
8.81 
4.77 
5.72 
6.68 
7.63 
8.58 
9.54 



10.49 
11.44 
12.40 
18.35 
14.31 
15.26 
16.21 
17.17 
18.12 
19.07 



20.03 
20.98 
21.94 
22.89 
23.84 
24.80 
25.75 
26.70 
27.66 
28.61 



29.57 
30.52 
31.47 
32.43 
33.38 
34.33 
35.29 
36.24 
37.19 
38.15 



0.30 
0.60 
0.90 
1.20 
1.50 
1.80 
2.10 
2.41 
2.71 
8.01 



8.81 
8.61 
3.91 
4.21 
4.51 
4.81 
5.11 
5.41 
5.71 
6.01 



6.31 
6.62 
6.92 
7.22 
7., 52 
7.82 
8.12 
8.42 
8.72 
9.02 



39.10 
40.06 
41.01 
41.96 
42.92 
43.87 
44.82 
45.78 
46.73 
47.69 

Dep. 



9.32 
9.62 
9.92 
10.22 
10.52 
10.83 
11.13 
11.43 
11.73 
12.03 



17} Deg. 



Lat. Dep* 



0.95 
1.90 
2.86 
8.81 
4.76 
5.71 
6.67 
7.62 
8.57 
9.52 



10.48 
11.43 
12.38 
13.33 
14.29 
15.24 
16.19 
17.14 
18.10 
19.05 



20.00 
20.95 
21.91 
22.86 
23.81 
24.76 
25.71 
26.67 
27.62 
28.57 



12.33 
12.63 
12.93 
13.23 
13.53 
13.83 
14.13 
14.43 
14.73 
15.04 

Lat. 



7aj Deg. 



29.52 
30.48 
31.43 
32.38 
33.33 
34.29 
35 24 
36.19 
37.14 
38.10 



39.05 
40.00 
40.95 
41.91 
42.86 
43.81 
44.76 
45.71 
46.67 
47.62 



0.30 
0.61 
0.91 
1.22 
1.52 
1.83 
2 13 
2.44 
2.74 
8.05 



8.35 
3.66 
3.96 
4.27 
4.57 
4.88 
5.18 
5.49 
5.79 
6.10 



6.40 
6.71 
7.01 
7.32 
7.62 
7.93 
8.23 
8.54 
8.84 
9.15 



9.45 
9.76 
10.06 
10.37 
10.67 
10.98 
11.28 
11.58 
11.89 
12.19 



12.50 
12.80 
13.11 
13.41 
13.72 
14.02 
14.33 
14.63 
14.94 
15.24 



6 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



Dep. Lat, 
72i Deg. 



11 
12 
13 
14 
15 
16 
17 
18 
19 
_20 

21 
22 
23 
24 
25 
26 
27 
28 
29 

JO 
31 
32 
33 
34 
35 
36 
37 
38 
39 

_40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 



I 



TRAVERSE TABLE. 
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m OB 
~61 


17 Deg, 


17i Deg, 


17i Deg. 


171 De^r, 


P 


Lai. 


Dep. 


Imt 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


48.77 


14.91 


48.71 


15.12 


48.64 


16.34 


48.67 


16.65 


51 


62 


49.73 


16.20 


49.66 


16.42 


49.69 


15.64 


49.52 


15.86 


52 


53 


50.68 


15.50 


50.62 


15.72 


60.65 


15.94 


50.48 


16.16 


53 


64 


51.64 


16.79 


61.57 


16.01 


61.50 


16.24 


51.43 


16.46 


64 


55 


62.60 


16.08 


62.53 


16.31 


52.45 


16.64 


62.38 


16.77 


55 


56 


53.55 


16.37 


53.48 


16.61 


63.41 


16.84 


53.33 


17.07 


56 


57 


54.51 


16.67 


54.44 


16.90 


64.36 


17.14 


54.29 


17.38 


67 


58 


55.47 


16.96 


66.39 


17.20 


66.32 


17.44 


56.24 


17.68 


58 


59 


56.42 


17.25 


56.35 


17.50 


56.27 


17.74 


56.10 


17.99 


69 


60 
61 


57.. 38 


17.54 


57.30 


17.79 


67.22 


18.04 


5r.l4 


18.29 


60 


58.33 


17.83 


58.26 


18.09 


58: 18 


18.34 


58.10 


18.60 


61 


62 


59.29 


18.13 


59.21 


18.39 


59.13 


18.64 


69.06 


18.90 


62 


63 


60.25 


18.42 


60.17 


18.68 


60.08 


18.94 


(JO. 00 


19.21 


63 


64 


61.20 


18.71 


61.12 


ia.98 


61.04 


19.25 


60.96 


19.61 


64 


65 


62. 16 


19.00 


62.08 


19.28 


61.99 


19.66 


61.91 


19.82 


65 


66 


63.12 


19.30 


63.03 


19.67 


62.96 


19.85 


62.86 


20.12 


66 


67 


64.07 


19.59 


63.99 


19.87 


63.90 


20.16 


63.81 


20.43 


67 


68 


65.03 


19.88 


64.94 


20.16 


64.86 


20.46 


64.76 


20.73 


68 


69 


65.99 


20.17 


65.90 


20.46 


66.81 


20.76 


66.72 


21.04 


69 


70 
71 


66.94 


20.47 


66.85 


20.76 


66.76 


21.06 


66.67 


21.34 


70 
71 


67.90 


20.76 


67.81 


21.05 


67.71 


21.36 


67.62 


21.66 


72 


68.86 


21.06 


68.76 


21.36 


68.67 


21.65 


68.57 


21.96 


72 


73 


69.81 


21.34 


69.72 


21.66 


69.62 


21.95 


69.52 


22.26 


73 


74 


70.77 


21.64 


70.67 


21.94 


70.68 


22.25 


70.48 


22.56 


74 


75 


71.72 


21.93 


71.63 


22.24 


71.63 


22.66 


71.43 


22.86 


75 


76 


72.68 


22.22 


72.68 


22.54 


72.48 


22.85 


72.38 


23.17 


76 


77 


73.64 


22.51 


73.64 


22.83 


73.44 


23.16 


73.33 


23.47 


77 


78 


74.59 


22.80 


74.49 


23.13 


74.39 


23.46 


74.29 


23.78 


78 


79 


76.56 


23.10 


75.45 


23.43 


75.34 


23.76 


75.24 


24.08 


79 


80 
81 


76.60 


23.39 


76.40 


23.72 


76.30 


24.06 


76.19 


24.39 


80 


77.46 


23.68 


77.36 


24.02 1 


77.26 


24.36 


77.14 


24.69 


81 


82 


78.42 


23.97 


78.31 


24.32! 


78.20 


24.66 


78.10 


26.00 


82 


83 


79.37 


24.27 


79.27 


24.61 


79.16 


26.96 


79.05 


26.30 


83 


84 


80.33 


24.56 


80.22 


24.91 


80.11 


25.26 


80.00 


25.61 


84 


85 


81.29 


24.86 


81.18 


26.21 


81.07 


25.66 


80.96 


26.91 


85 


86 


82.24 


25.14 


82.13 


26.50 


82.02 


25.86 


81.91 


26.22 


86 


87 


83.20 


25.44 


83.09 


26.80 


82.97 


26.16 


82.86 


26.62 


87 


88 


84.15 


25.73 


84.04 


26.10 


83.93 


26.46 


83.81 


26.83 


88 


89 


86.11 


26.02 


86.00 


26.39 


84.88 


26.76 


84.76 


27.13 


89 


90 
91 


86.07 


26.31 


85.95 


26.69 


85.83 


27.08 


85.72 


27.44 


90 


87.02 


26.61 


86.91 


26.99 ,86.79 


27.36 


86.67 


27.74 


91 


92 


87.98 


26.90 


87.86 


27.28 


•87.74 


27.66 


87.62 


28.05 


92 


93 


88.94 


27.19 


88.82 


27.58 


88.70 


27.97 


88.57 


28.35 


93 


94 


89.89 


27.48 


89.77 


27.87 


89.66 


28.27 


89.63 


28.66 


94 


95 


90.86 


27.78 


90.73 


28.17 


90.60 


28.57 


90.48 


28.96 


95 


96 


91.81 


28.07 


91.68 


28.47 


91.56 


28.87 


91.43 


29.27 


9B 


97 


92.76 


28.36 


92.64 


28.76 


92.51 


29.17 


92.38 


29.67 


97 


98 


93.72 


28.65 


93.59 


29.06 


93.46 


29.47 


93.33 


29.88 


98 


99 


94.67 


28.94 


94.55 


29.36 


94.42 


29.77 


94.29 


30.18 


99 


100 


96.63 


29.24 
Lat. 


.<)5..50 


29.65 


95.37 


30.07 


95.24 


30.49 


100 


Dep. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


1 


73 Deg. 


72} Deg. 


72i Deg. 


m Deg. 
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18 


Deg. 


18i Deg. 


18| Thig. 


m i>Bg. 


5. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 




0.95 


0.81 


0.96 


0.81 


0.96 


0.32 


0.96 


0.32 


1 


2 


1.90 


0.62 


1.90 


0.63 


1.90 


0.63 


1.89 


0.64 


2 


3 


2.86 


0.93 


2.86 


0.94 


2.84 


0.96 


2.84 


0.96 


a 


4 


3.80 


1.24 


8.80 


1.25 


8.79 


1.27 


3.79 


1.29 


4 


5 


4.76 


1.65 


4.76 


1.67 


4.74 


1.69 


4.73 


1.61 


6 


6 


6.71 


1.86 


6.70 


1,88 


6.69 


1.90 


6.68 


1.93 


6 


7 


6.66 


2.16 


6.66 


2.1911 6.64 


2.22 


6.68 


2.25 


7 


8 


7.61 


2.47 


7.60 


2.51 


7.69 


8.64 


7.68 


2.67 


8 


9 


8.66 


2.78 


8.66 


2.82 


8.63 


8.86 


8.62 


2.89 


9 


10 
11 


9.61 


3.09 


9.60 


3.13 


9.48 


8.17 


9.47 


3.21 


10 


10.46 


3.40 


10.46 


3.44 


10.43 


3.49 


10.42 


3.64 


11 


12 


11.41 


8.71 


11.40 


8.76 


11.38 


8.81 


11.36 


3.86 


18 


13 


12.36 


4.02 


12.86 


4.07 


12.33 


4.18 


12.81 


4.18 


13 


14 


13.31 


4.33 


13.30 


4.38 


18.28 


4.44 


13.26 


4.50 


14 


15 


14.27 


4.64 


14.26 


4.70 


14.22 


4.76 


14.20 


4.82 


15 


16 


1G.22 


4.94 


16.20 


6.01 


16.17 


6.08 


16.15 


6.14 


16 


17 


16.17 


6.26 


16.14 


6.32 


16.12 


6.39 


16.10 


6.46 


17 


18 


17.12 


6.66 


17.09 


6.64 


17.07 


6.71 


17.04 


6.79 


18 


19 


18.07 


6.87 


18.04 


6.96 


18.02 


6.03 


17.9ft 


6.11 


19 


20 
21 


19.02 


6.18 


18.99 


6.26 


18.97 


6.35 


18.94 


6.43 


20 


19.97 


6.49 


19.94 


6.68 


19.91 


6.66 


19.89 


6.75 


21 


22 


20.92 


6.80 


20.89 


6.89 


20.86 


6.98 


20.83 


7.07 


22 


23 


21.87 


7.11 


21.84 


7.20 


21.81 


7.30 


21.78 


7.39 


23 


24 


22.83 


7.42 


22.79 


7.62 


22.76 


7.62 


22.73 


7.71 


24 


26 


23.78 


7.73 


23.74 


7.83 


23.71 


7.93 


23.67 


8.04 


25 


26 


24.73 


8.03 


24.69 


8.14 


24.66 


8.26 


24.62 


8.36 


26 


27 


26.68 


8.34 


25.64 


8.46 


26.60 


8.67 


26.57 


8.68 


27 


28 


26.63 


8.65 


26.59 


8.77 


26.66 


8.88 


26.51 


9.00 


28 


29 


27.68 


8.96 


27.64 


9.08 


27.50 


9.20 


27.46 


9.32 


29 


30 


28.63 


9.27 


28.49 


9.39 


28.45 


9.62 


28.41 


9.64 


.30 


31 


29.48 


9.58 


29.44 


9.71 


29.40 


9.84 


29.35 


9.96 


31 


32 


30.43 


9.89 


30.39 


10.02 


30.36 


10.16 


30.30 


10.29 


32 


33 


31.38 


10.20 


31.34 


10.33 


81.29 


10.47 


31.26 


10.61 


33 


34 


32.34 


10.51 


32.29 


10.65 


32.24 


10.79 


32.20 


10.93 


34 


35 


33.29 


10.82 


33.24 


10.96 


33.19 


11.11 


.33.14 


11.26 


35 


36 


34.24 


11.12 


34.19 


11.27 


34.14 


11.42 


34.09 


11.67 


36 


37 


35.19 


11.43 


35.14 


11.69 


36.09 


11.74 


36.04 


11.89 


37 


38 


36.14 


11.74 


36.09 


11.90 


36.04 


12.06 


35.98 


12.21 


38 


39 


37.09 


12.05 


37.04 


12.21 


36.98 


12.37 


36.93 


12.54 


39 


40 


38.04 


12.36 


37.99 


12.53 


37.93 
38.88 


12.69 


37.88 


12.86 


40 


41 


38.99 


12.67 


38.94 


12.84 


13.01 


38.82 


13.18 


41 


42 


39.94 


12.98 


39.89 


13.15 


39.83 


13.33 


39.77 


13.50 


42 


43 


40.90 


13.29 


40.84 


13.47 


40.78 


13.64 


40.72 


13.82 


43 


44 


41.85 


13.60 


41.79 


13.78 


41.73 


13.96 


41.66 


14.14 


44 


45 


42.80 


13.91 


42.74 


14.09 


42.67 


14.28 


42.61 


14.46 


4.'> 


46 


43.76 


14.21 


43.69 


14.41 


43.62 


14.60 


43.56 


14.79 


46 


47 


44.70 


14.62 


44.64 


14.72 


44.57 


14.91 


44.51 


15.11 


47 


48 


45.66 


14.83 


45.59 


15.03 


45.52 


16.23 


45.45 


15.43 


48 


49 


46.60 


15.14 


46.54 


15.35 


46.47 


15.55 


46.40 


r5.75 


49 


50 47.55 


15.45 


47.48 


26.66^ 


47.42 


15.87 


47.35 


16.07 


60 


l\ 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


09 


- i 

3 1 


72 1 


)eg. 


711 Deg. 


71i 


Deg. 


7U Deg. 
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18 Deg. 


m Deg. 


l^ Deg. 


18} Deg. 


I 


Lat. 


Dep. 


Lat. 


Dep. 


LaU 


Dep. 


Lat. 


Dep. 


t8.50 


16.76 


48.43 


16.97 


48.36 


16.18 


48.29 


16.39 


61 


52 


49.45 


16.07 


49.38 


16.28 


49. m 


16.60 


49.24 


16.71 


62 


63 


50.41 


16.38 


60.33 


16.60 


60.26 


16.82 


60.19 


17.04 


63 


54 


61.36 


16.69 


61.28 


16.91 


61.21 


17.13 


61.13 


17.36 


64 


55 '52.31 


17.00 


62.23 


17.22 


62.16 


17.45 


62.08 


17.68 


65 


56 


.53.26 


17.30 


63.18 


17.64 


63.11 
64.06 


17.77 


63.03 


18.00 


56 


57 


54.21 


17.61 


64.23 


17.86 


18.09 


63.98 


18.32 


67 


58 


55.16 


17.92 


86.08 


18.16 


56.00 


18.40 


64.92 


18.64 


68 


59 


56.11 


18.23 


66.03 


18.48 


66.96 


18.72 


66.87 


18.96 


69 


60 
61 


.57.06 


18.64 


56.98 


18.79 


66.90 


19.04 


66.82 


19.29 


60 


58.01 


18 86 


67.93 


19.10 


57.85 


19.36 


67.76 


19.61 


61 


62 


.58.97 


19.16 


68.88 


19.42 


68.80 


19.67 


68.71 


19.93 


62 


63 


59.92 


19.47 


69.83 


19.73 


69.74 


19.99 


69.66 


20.25 


63 


64 


60.87 


19.78 


60.78 


20.04 


60.69 


20.31 


60.60 


20.57 


64 


65 


61.82 


20.09 


61.73 


20.36 


61.64 


20.62 


61.65 


20.89 


65 


66 


62.77 


20.40 


62.68 


20.67 


62.69 


20.94 


62.60 


21.22 


66 


67 


63.72 


20.70 


63.63 


20.98 


63.64 


21.26 


63.44 


21.64 


67 


68 


64.67 


21.01 


64.68 


21.30 


64.49 


21.68 


64.39 


21.86 


68 


69 


66.62 


21.32 


66.63 


21.61 


66.43 


21.89 


66.84 


22.18 


69 


70 
71 


66.57 


21.63 


66.48 


21.92 


66.38 


22.21 


66.29 


22.60 


70 

71 


67.63 


21.94 


67.43 


22.23 


67.33 


22.63 


67.23 


22.82 


72 


68.48 


22.25 


68.38 


22.56 


68.28 


22.86 


68.18 


23.14 


72 


73 


69.43 


22.56 


69.33 


22.86 


69.23 


23.16 


69.13 


23.47 


73 


74 


70.38 


22.87 


70.28 


23.17 


70.18 


23.48 


70.07 


23.79 


74 


75 


71.33 


23.18 


71.23 


23.49 71.12 


23.80 


71.02 


24.11 


75 


76 


72.28 


23.49 


72.18 


23.80 72.07 


24.12 


71.97 


24.43 


76 


77 


73.23 


23.79 


73.13 


24.11 73.02 


24.43 


72.91 


24.75 


77 


78 


74.18 


24.10 


74.08 


24.43 73.97 


24.76 


73.86 


25.07 


78 


79 


76.13 


24.41 


76.03 


24.74 


74.92 


26.07 


74.81 


26.39 


79 


80 
81 


76.08 
77.04 


24.72 


75.98 


26.06 


76.87 


26.38 


76.76 


26.72 


80 


25.03 


76.93 


26.37 


76.81 


26.70 


76.70 


26.04 


81 


82 


77.99 


26.34 


77.88 


26.68 


77.76 


26.02 


77.66 


26.36 


82 


83 


78.94 


26.66 


78.83 


25.99 


78.71 


26.34 


78.60 


26.68 


83 


84 


79.89 


26.96 


79.77 


26.31 


79.66 


26.66 


79.64 


27.00 


84 


86 


80.84 


26.27 


80.72 


26.62 


80.61 


26.97 


80.49 


27.32 


85 


86 


81.79 


26.58 


81.67 


26.93 


81.66 


27.29 


81.44 


27.64 


86 


87 


82.74 


26.88 


82.62 


27.26 


82.60 


27.61 


82.38 


27.97 


87 


88 


83.69 


27.19 


83.67 


27.66 


83.46 


27.92 


83.33 


28.29 


88 


89 


84.64 


27.60 


84.62 


27.87 


84.40 


28.24 


84.28 


28.61 


89 


90 

91 


85.60 


27.81 


86.47 


28.18 


85.36 


28.66 


85.22 


28.93 


90 


86.65 


28.12 


86.42 


28.60 


86.30 


28.37 


86.17 


29.25 


91 


92 


87.60 


28.43 


87.37 


28.81 


87.26 


29.19 


87.12 


29.67 


92 


93 


88.46 


28.74 


88.32 


29.12 


88.19 


29.61 


88.06 


29.89 


93 


94 


89.40 


29.06 


89.27 


29.44 


89.14 


29.83 


89.01 


30.22 


94 


95 


90.35 


29.36 


90.22 


29.76 


90.09 


30.14 


89.96 


30.54 


95 


96 


91.30 


29.67 


91.17 


30.06 


91.04 


30.46 


90.91 


30.86 


96 


97 


92.25 


29.97 


92.12 


30.38 


91.99 


30.78 


91.85 


31.18 


97 


98 


93.20 


30.28 


93.07 


30.69 


92.94 


31.10 


92.80 


31.60 


98 


99 


94.15 


30.69 


94.02 


31.00 


93.88 


81.41 


93.75 


31.82 


99 


100 

t 


95.11 


30.90 


94.97 


31.32 


94.83 


31.73 


94.69 


32.14 


100 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


8 

a 

5 
Q 


72 Deg. 1 711 Deg. 


■ ■ 1 
74 Deg. 7UDeg. | 
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19 Deg. 


m Deg. 


m 


y^og. 


191 Deg. 


C 

a' 

P 

i 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0.96 


0.33 


0.94 


0.33 


0.94 


0.33 


0.94 


0.34 
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18.13 
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18.34 


49.64 


18.56 
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18.78 
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50.74 
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50.66 


18.69 


50.68 


18.91 
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19.13 
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61.68 


18.81 


61.60 


19.04 


61.62 
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51.43 


19.49 


55 
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62.62 
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62.54 


19.38 
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19.84 
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29 


30 
31 


25.98 


15.00 


25.92 


15.11 


25.85 


16.23 


25.78 


15.34 


30 
31 


26.85 


15.50 


26.78 


15.62 


26.71 


16.73 


26.64 


15.85 


32 


27.71 


16.00 


^7.64 


16.12 


27.57 


16.24 


27.50 


16.36 


32 


33 


28.58 


16.50 


28.61 


16.62 


28.43 


16.75 


28.36 


16.87 


33 


34 


29.44 


17.00 


29.37 


17.13 


29.30 


17.26 


29.22 


17.38 


34 


35 


80.31 


17.50 


30.23 


17.63 


30.16 


17.76 


30.08 


17.90 


35 


36 


31.18 


18.00 


31.10 


18.14 


31.02 


18.27 


30.94 


18.41 


36 


37 


32.04 


18 "lO 


31.96 


18.64 


31.88 


18.78 


31.80 


18.92 


37 


38 


32.91 


19.00 


32.83 


19.14 


32.74 


19.29 


32.66 


19.43 


38 


39 


33.77 


19.50 


33.69 


19.65 


33.60 


19.79 


33.52 


19.94 


39 


40 
41 


34.64 


20.00 


34.55 


20.15 


34.47 


20.30 


34.38 


20.45 


40 

41 


35.51 


20.50 


35.42 


20.65 


35.33 


20.81 


35.24 


20.96 


42 


36.37 


21.00 


36.28 


21.16 


36.19 


21.32 


36.10 


21.47 


42 


43 


37.24 


21.50 


37.14 


21.66 


37.05 


21.82 


36.95 


21.99 


43 


44 


38.11 


22.00 


38.01 


22.17 


37.91 


22.33 


37.81 


22.. 50 


44 


45 


38.97 


22.50 


38.87 


22.67 


38.77 


22.84 


38.67 


23.01 


45 


46 


39.84 


23.00 


39.74 


23.17 


39.63 


23.35 


39.53 


23.52 


46 


47 


40.70 


23.50 


40.60 


23.68 


40.50 


23.85 


40.39 


24.03 


47 


48 


41.67 


24.00 


41.46 


24.18 


41.36 


24.36 


41.25 


24.54 


48 


49 


42.44 


24.60 


42.33 


24.68 


42.22 


24.87 


42.11 


25.05 


49 


50 

i 
1 


43.30 


25.00 


43.19 


25.19 


43.08 


25.38 


42.97 


25.56 


60 

1 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 














5 


60 1 


3eg. 


59J 


Deg. 


59V 


Deg. 


59i 


Deg. 


O 
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63 



a 

i 

61 


30Deg. 


SOiDeg. 


30^ Deg. 


30, Deg. 


1 
O 

1' 

1 
61 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


44.17 


26.50 


44.06 


25.69 


43.94 


26.88 


43.83 


26.08 


52 


45.03 


26.00 


44.92 


26.20 


44.80 


26.39 


44.69 


26.69 


52 


53 


46.90 


26.60 


46.78 


26 70 


45.67 


26.90 


46.65 


27.10 


53 


54 


46.77 


27.00 


46.66 


27.20 


46.53 


27.41 


46.41 


27.61 


54 


55 


47.63 


27.50 


47.61 


27.71 


47.39 


27.91 


47.27 


28.12 


56 


56 


48.60 


28.00 


48.87 


28.21 


48.35 


28.42 


48.13 


28.63 


66 


57 


49.36 


28.50 


49.24 


28.72 


49.11 


28.93 


48.99 


29.14 


67 


58 


.50.23 


29.00 


60.10 


29.22 


49.97 


29.44 


49.86 


29.65 


68 


59 


51.10 


29.50 


60.97 


29.72 


60.84 


29.94 


60.70 


30.17 


59 


60 
61 


51.96 


3U.00 


61.83 


30.23 
30.73 


51 70 


30.46 


61.56 


30.68 


60 


.52.83 


30.60 


62.69 


62.66 


30.96 


52.42 


31.19 


61 


62 


63.69 


31.00 


63.66 


31.23 


63.42 


31.47 


63.28 


31.70 


62 


63 


54.66 


31.60 


64.42 


31.74 


64.28 


31.97 


64.14 


32.21 


63 


64 


65.43 


32.00 


55.29 


32.24 


66.14 


32.48 1 


55.00 


32.72 


04 


65 


56.29 


32.60 


66.16 


32.76 


56.01 


32.99 


65.86 


33.23 


65 


66 


iB7.16 


33.00 


67.01 


33.25 


56.87 


33.60 


.56.72 


33.75 


66 


^7 


58.02 


33.60 


67.88 


33.76 


^7.73 


34.01 


67.68 


34.26 


67 


68 


68.89 


34.00 


58.74 


34.26 


58.69 


34.51 


68.44 


34.77 


68 


69 


69.76 


34.50 


69.60 


34.76 


69.45 


36.02 


69.80 


35.28 


69 


70 
71 


60.62 


36.00 


60.47 


35.26 


60.31 


85.63 


60.16 


36.79 


70 
71 


61.49 


36.60 


61.33 


36.77 


61.18 


36.04 


61.02 


36.30 


72 


62.36 


36.00 


62.20 


36.27 


62.04 


36.64 


61.88 


36.81 


72 


73 


63.22 


36.60 


63.06 


36.78 


62.90 


37.05 


62.74 


37.32 


73 


74 


64.09 


37.00 


63.92 


37.28 


63.76 


37.66 


63.60 


37.84 


74 


75 


64.96 


37.60 


64.79 


37.78 


64.62 


38.07 


64.46 


38.35 


75 


76 


66.82 


38.00 


66.66 


38.29 


65.48 


38.57 


65.31 


38.86 


76 


77 


66.68 


38.60 


66.62 


38.79 


66.35 


39.08 


66.17 


39.37 


77 


78 


67.66 


39.00 


67.38 


39.29 


67.21 


39.59 


67.03 


39.88 


78 


79 


68.42 


39.60 


68.24* 


39.80 


68.07 


40.10 


67.89 


40.39 


79 


80 
81 


69.28 


40.00 


69.11 


40.30 


68.93 


40.60 


68.75 


40.90 
41.41 


80 
81 


70.16 


40.60 


69.97 


40.81 


69.79 


41.11 


69.61 


82 


71.01 


41.00 


70.83 


41.31 


70.65 


41.62 


70.47 


41.93 


82 


83 


71.88 


41.50 


71.70 


41.81 


71.62 


42.13 


71.33 


42.44 


83 


84 


72.75 


42.00 


72.56 


42.32 


72.38 


42.63 


72.19 


42.95 


84 


85 


73.61 


42.50 


73.43 


42.82 


73.24 


43.14 


73.05 


43.46 


85 


86 


74.48 


43.00 


74.29 


43.32 


74.10 


43.66 


73.91 


43.97 


86 


87 


76.34 


43.60 


78.16 


43.83 


74.96 


44.16 


74.77 


44.48 


87 


88 


76.21 


44.00 


76.02 


44.33 


76.82 


44.66 


75.63 


44.89 


88 


89 


77.08 


44.60 


76.88 


44.84 


76.68 


46.17 


76.49 


45.51 


89 


90 
91 


77.94 


46.00 


77.76 


45.34 


77.66 


45.68 


77.36 


46.02 


90 
91 


78.81 


45.60 


78.61 


45.84 


78.41 


46.19 


78.21 


46.53 


92 


79.67 


46.00 


79.47 


46.35 


79.27 


46.69 


79.07 


47.04 


92 


93 


80.64 


46.50 


80.34 


46.86 


80.13 


47.20 


79.92 


47.55 


93 


94 


81.41 


47.00 


81.20 


47.35 i 


80.99 


47.71 


80.78 


48.06 


»94 


95 


82.27 


47.50 


82.06 


47.86, 81.86 


48.22 


81.64 


48.67 


95 


96 


83.14 


48.00 


82.93 


48.36' 82.72 


48.72 


82.60 


49.08 


96 


97 


84.00 


48.50 


83.79 


48.87 83.68 


49.23 


83.36 


49.60 


97 


98 


84.87 


49.00 


84,66 


49.37 i 84.44 


49.74 


84.22 


50.11 


98 


99 


86.74 


49.60 


86.62 


49.87 ;i 85.30 


60.25 


85.08 


50.62 


99 


100 

i 

00 

5 


86.60 


60.00 


86.38 


60.38 86.16 


60.75 


85.94 


51.13 


100 


Dep. 


Lat. 


Dep. 


Lat. 1 Dep. 


Lat. 


Dep. 


Lat. 


8 

c 

1 

5 


60 Deg. 


591 Deg. 69i Deg. 


591 Deg. 
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5 


31 Deg. 


314 Deg. 


31i Deg. 


31| Deg. 


C 


Lat. 


Dep. 


Lat. 


Dep. 


Ut. 


Dep. 


Lat 


Dep. 


1 


0.86 


0.51 


0.85 


0.52 


0.85 


0.52 


0.85 


0.53 


"T 


2 


1.71 


1.03 


1.71 


1.04 


1.71 


1.04 


1.70 


1.05 


2 


3 


2.57 


1.55 


2.56 


1.56 


2.56 


1.57 


2.55 


1.58 


8 


4 


8.43 


3.06 


8.42 


2.08 


8.41 


2.09 


3.40 


2.10 


4 


5 


4.21> 


2.58 


4.27 


2.59 


4.26 


2.61 


4.25 


2.63 


5 


6 


5.14 


3.09 


5.13 


3.11 


5.12 


8.13 


5.10 


8.16 


6 


7 


6.00 


8.61 


5.98 


8.63 


6^97 


3.66 


5.95 


8.68 


7 


8 


6.86 


4.12 


6.84 


4.15 


6.82 


4.18 


6.80 


4.21 


8 


9 


7.71 


4.64 


7.69 


4.67 


7.67 


4.70 


7.65 


4.74 


9 


10 


8.57 


5.15 


8.55 


5.19 


8.53 


5.22 


8.50 


6.26 


10 


11 


9.43 


5.67 


9.40 


5.71 


9.38 


5.75 


9.35 


5.79 


11 


12 


10.29 


6.18 


10.26 


6.23 


10.23 


6.27 


10.20 


6.31 


12 


13 


11.14 


6.70 


11.11 


6.74 


11.08 


6.79 


11.05 


6.84 


13 


14 


12.00 


7.21 


11.97 


7.26 


11.94 


7.81 


11.90 


7.37 


14 


15 


12.86 


7.73 


12.82 


7.78 


12.79 


7.84 


12.76 


7.89 


15 


16 


13.71 
14.67 


8.24 


13.68 


8.30 


13.64 


8.36 


13.61 


8.42 


16 


17 


8.76 


14.53 


8.82 


14.49 


8.88 


14.46 


8.95 


17 


18 


15.43 


9.27 


15.39 


9.34 


15.35 


9.40 


15.31 


9.47 


18 


19 


16.29 


9.79 


16.24 


9.86 


16.20 


9.93 


16.16 


10.00 


19 


20 


17.14 


10.30 


17.10 


10.38 


17.05 


10.45 


17.01 


10.52 


20 


21 


18.00 


10.82 


17.95 


10.89 


17.91 


10.97 


17.86 


11.05 


21 


22 


18.86 


11.33 


18.81 


11.41 


18.76 


11.49 


18.71 


11.58 


22 


23 


19.71 


11.85 


19.66 


11.93 


19.61 


12.02 


19.56 


12.10 


23 


24 


20.57 


12.36 


20.52 


12.45 


20.46 


12.54 


20.41 


12.63 


24 


25 


21.43 


12.88 


21.37 


12.97 


21.32 


13.06 


21.26 


13.16 


25 


26 


22.29 


13.. 39 


22.23 


13.49 


22.17 


13.58 


22.11 


18.68 


26 


27 


23.14 


13.91 


23.08 


14.01 


23.02 


14.11 


22.96 


14.21 


27 


28 


24.00 


14.42 


2:^.94 


14.53 


23.87 


14.63 


23.81 


14.73 


28 


29 


24.86 


14.94 


24.79 


15.04 


24.73^ 


15.15 


24.66 


15.26 


29 


30 


25.71 


15.45 


25.65 


15.56 


25.58 


15.67 


25.51 


15.79 


30 


31 


26.57 


15.97 


26.50 


16.08 


26.43 


16.20 


26.36 


16.31 


31 


32 


27.43 


16.48 


27.36 


16.60 


27.28 


16.72 


27.21 


16.84 


32 


33 


28.29 


17.00 


28.21 


17.12 


28.14 


17.24 


28.06 


17.37 


33 


34 


29.14 


17.51 


29.07 


17.64 


28.99 


17.76 


28.91 


17.89 


34 


35 


30.00 


18.03 


29.92 


18.16 


29.84 


18.29 


29.76 


18.43 


35 


36 


30.86 


18.54 


30.78 


18.68 


30.70 


18.81 


30.61 


18.94 


36 


37 


31.72 


19.06 


31.63 


19.19 


31.55 


19.33 


31.46 


19.47 


37 


38 


32.57 


19.57 


32.49 


19.71 


32.40 


19.85 


32.31 


20.00 


38 


39 


33.43 


20.09 


33.34 


20.23 


33.25 


20.88 


33.16 


20.52 


39 


40 


34.29 


20.60 


34.20 


20.75 


34.11 


20.90 


34.01 


21.05 


40 


41 


35.14 


21.12 


35.05 


21.27 


34.96 


21.42 


34.86 


21.57 


41 


42 


36.00 


21.63 


35.91 


21.79 


35.81 


21.94 


35.71 


22.10 


42 


43 


36.86 


22.15 


86.76 


22.31 


36.66 


22.47 


.36.57 


22.63 


43 


44 


37.72 


22.66 


37.62 


22.83 


37.52 


22.99 


37.42 


23.15 


44 


45 


38.57 


23.18 


38.47 


23.34 


38.37 


23.51 


38.27 


23.68 


4.S 


46 


39.43 


23.69 


39.33 


28.86 


39.22 


24.03 


39.12 


24.21 


46 


47 


40.29 


24.21 


40.18 


24.38 


40.07 


24.56 


39.97 


24.73 


47 


48 


41.14 


24.72 


41.04 


24.90 


40.93 


25.08 


40.82 


25.26 


48 


49 


42.00 


25.24 


41.89 


25.42 


41.78 


25.60 


41.67 


25.78 


49 


50 


42.86 


25.75 


42.75 


25.94 


42.63 


26.12 


42.52 


26.31 


50 


i 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


P 


591 


3eg. 


SHI Deg. 


BSh Deg. 


58i Deg. 
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2 
P 

61" 


31 Deg. 


aH Deg. 


31^ Deg. 


311 Deg. 


5' 
"61 


I-At. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


43.72 


26.27 


43.60 


26.46 


43.48 


26.65 


43.;:?^ 


26.84 


52 


44.57 


26.78 


44.46 


26.98 


44.34 


27.17 


44.22 


a7.36 


52 


53 


45.43 


27.30 


45.31 


27.49 


45.19 


27.69 


45.07 


27.89 


63 


54 


46.29 


27.81 


46.17 


28.01 


46.04 


28.21 


45.92 


28.42 


64 


55 


47.14 


28.33 


47.02 


28.53 


46.90 


28.74 


46.77 


28.94 


65 


56 


48.00 


28.84 


47.88 


29.05 


47.75 


29.26 


47.62 


29.47 


66 


57 


48.86 


29.36 


48.73 


29.57 


48.60 


29.78 


48.47 


29.99 


57 


58 


49.72 


29.87 


49.58 


30.09 


49.45 


30.30 


49.32 


30.62 


58 


59 


50.57 


30.39 


50.44 


30.61 


60.31 


30.83 


50.17 


31.05 


69 


60 
61 


51.43 


30.90 


51.29 


31.13 


51.16 


31.35 


61.02 


31.57 


60 
61 


52.29 


31.42 


52.15 


31.65 


52.01 


31.87 


51.87 


32.10 


62 


53.14 


31.93 


53.00 


32.16 


62.86 


32.39 


62.72 


32.63 


62 


63 


54.00 


32.45 


53.86. 


32.68 


63.72 


32.92 


53.57 


33.15 


63 


64 


54.86 


32.96 


54.71 


33.20 


64.57 


33.44 


54.42 


33.68 


64 


65 


55.72 


33.48 


55.57 


33.72 


65.42 


33.96 


65.27 


34.20 


65 


66 


56.57 


33.99 


56.42 


34.24 


66.27 


34.48 


56.12 


34.73 


66 


67 


67.43 


34.51 


57.28 


34.76 


67.13 


35.01 


56.98 


35.26 


67 


68 


58.29 


35.02 


58.13 


35.28 


57.98 


35.53 


57.82 


36.78 


68 


69 


59.14 


3if.54 


58.99 


35.80 


68.83 


36.05 


58.67 


36.31 


69 


70 
71 


60.00 


36.05 


59.84 


36.31 


59.68 


36.57 


69.52 


36.83 


70 
71 


60.86 


36.571 


60.70 


36.83 


60.54 


37.10 


60.37 


37.36 


72 


61.72 


37.08 


61.56 


37.35 


61.39 


37.62 


61.23 


37.89 


72 


73 


62.57 


37.60 


62.41 


37.87 


62.24 


38.14 


62.08 


38.41 


73 


74 


63.43 


38.11 


63.26 


38.39 


63.10 


38.66 


62.93 


38.94 


74 


76 


64.29 


38.63 


64.12 


38.91 


63.95 


39.19 


63.78 


39.47 


76 


76 


65.14 


39.14 


64.97 


39.43 


64.80 


39.71 


64.63 


39.99 


76 


77 


66.00 


39.66 


65.83 


39.96 


66.65 


40.23 


65.48 


40.52 


77 


78 


66.86 


40.17 


66.68 


40.46 


66.51 


40.75 


66.33 


41.04 


78 


79 


67.72 


40.69 


67.54 


40.98 


67.36 


41.28 


67.18 


41.67 


79 


80 
81 


68.57 


41.20 


68.39 


41.50 


68.21 


41.80 


68.03 


42.10 


80 
81 


69.43 


41.72 


69.25 


42.02 


69.06 


42.32 


68.88 


42.62 


82 


70.29 


42.23 


70.10 


42.54 


69.92 


42.84 


69.73 


43.16 


82 


83 


71.14 


42.75 


70.96 


43.06 


70.77 


43.37 


70.58 


43.68 


83 


84 


72.00 


43.26 


71.81 


43.58 


71.62 


43.89 


71.43 


44.20 


84 


85 


72.86 


43.78 


72.67 


44.10 


72.47 


44.41 


72.28 


44.73 


85 


86 


73.72 


44.29 


73.52 


44.61 


73.33 


44.93 


73.13 


45.25 


86 


87 


74.. 57 


44.81 


74.38 


45.13 


74.18 


45.46 


73.98 


45.78 


87 


88 


75.43 


45.32 


75.23 


45.65 


75.03 


45.98 


74.83 


46.31 


88 


89 


76,29 


45.84 


76.09 


46.17 


75.88 


46.50 


75.68 


46.83 


89 


90 
91 


77.15 


46.35 


76.94 


46.69 


76.74 


47.02 


76.52 


47.36 


90 
91 


78.00 


46.87 


77.80 


47.21 


77.59 


47.55 


77.38 


47.89 


92 
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28.32 


43.49 
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43.36 
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43.24 


28.89 
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44.32 


29.06 


44.20 


29.25 
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29.46 


53 


54 
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29.41 


45.16 
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45.03 


29.80 


44.90 
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54 


55 
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29.96 


46.00 


30.16 


45.86 


30.36 


45.73 
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55 


56 


46.97 
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46.83 


30.70 


46.70 
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46.56 


31.11 


56 
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47.80 


31.04 


47.67 


31.25 


47.63 


31.46 


47.39 


31.67 


57 


58 


48.64 
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48.50 


31.80 


48.37 


32.01 


48.23 


32.22 


58 


59 


49.48 


32.13 


49.34 


32.36 


49.20 


32.56 


49.06 


32.78 


59 
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61 


50.32 


32.68 


50.18 
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50.03 


33.12 


49.89 


33.33 


60 
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33.45 


50.87 


33.67 


50.72- 


33.89 


61 


62 


52.00 


33.77 


51.85 


33.99 


61.70 


34.22 


51.55 


34.46 


62 


63 


52.84 


34.31 


52.69 


34.64 


52.63 


34.77 


52.38 


35.00 


63 


64 


63.67 


34.86 


53.52 


36.09 


63.37 


35.32 


53.21 


35.56 


64 


65 


54.51 


35.40 


54.36 


.35.64 


54.20 


35.88 


64.05 


36.11 


65 


66 


55.35 


35.95 


55.19 


36.19 


55.04 


36.43 


54.88 


36.67 


66 


67 


56.19 


36.49 


66.03 


36.74 


55.87 


36.98 


56.71 


37.22 


67 


68 


67.03 


37.04 


56.87 


37.28 


56.70 


37.53 


66.54 


37.78 


68 


69 


57.87 


37.58 


57.70 


37.83 


67.54 


38.08 


57.37 


38.33 


69 
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58.71 


38.12 


68.54 


38.38 


58.37 


38.64 


58.20 


38.89 


70 


59.55 


38.67 


59.38 


38.93 


59.21 


39.19 


59.03 


39.45 


71 


72 


60.38 


39.21 


60.21 


39.48 


60.04 


39.74 


69.87 


40.00- 


72 


73 


61.22 


39.76 


61.05 


40.03 


60.87 


40.29 


60.70 


40.56 


73 


74 


62.06 


40.30 


61.89 


40.57 


61.71 


40.84 


61.53 


41.11 


74 


75 


62.90 


40.85 


62.72 


41.12 


62. .54 


41.40 


62.36 


41.67 


75 


76 


63.74 


41.39 


63.56 


41.67 


63.38 


41.95 


63.19 


42.22 


76 


77 


64.58 


41.94 


64.39 


42.22 


64.21 


42.50 


64.02 


42.78 


77 


78 


65.42 


42.48 


66.23 


42.77 


65.04 


43.05 


64.85 


43.33 


78 


79 


66.25 


43.03 


66.07 


43.32 


65.88 


43.60 


66.69 


43.89 


79 


80 
81 


67.09 
67.93 


43.57 


66.90 


43.86 


66.71 


44.16 


66.52 


44.45 


80 


44.12 


67.74 


44.41 


67.54 


44.71 


67.35 


45.00 


81 


82 


68.77 


44.66 


68.58 


44.96 


68.38 


45.26 


68.18 


45.56 


82 


83 


69.61 


45.20 


69.41 


45.51 


69.21 


45.81 


69.01 


46.11 


83 


84 


70.45 


45.75 


70.25 


46.06 


70.05 


46.36 


69.84 


46.67 


84 


85 


71.29 


46.29 


71.08 


46.60 


70.88 


46.91 


70.67 


47.22 


85 


86 


72.13 


46.84 


71.92 


47.15 


71.71 


47.47 


71.51 


47.78 


86 


87 


72.96 


47.38 


72.76 


47.70 


72.55 


48.02 


72.34 


48.33 


87 


88 


73.80 


47.93 


73.59 


48.25 


73.38 


48.57 


73.17 


48.89 


88 


89 


74.64 


48.47 


74.43 


48.80 


74.22 


49.12 


74.00 


49.45 


89 


90 
91 


75.48 


49.02 


75.27 


49.35 


75.05 


49.67 


74.83 


60.00 


90 


76.32 


49.56 


76.10 


49.89 


75.88 


60.23 


75.66 


60.56 


91 


92 


77.16 


5a. 11 


76.94 


50.44 


76.72 


60.78 


76.60 


51.11 


92 


93 


78.00 


50.66 


77.77 


50.99 


77.55 


61.33 


77.33 


51.67 


93 


94 


78.83 


51.20 


78.61 


61.54 


78.39 


51.88 


78.16 


52.22 


94 


95 


79.67 


51.74 


79.45 


52.09 


79.22 


52.43 


78.99 


52.78 


95 


96 


80.51 


62.29 


80.28 


52.64 


80.05 


62.99 


79.82 


63.33 


96 


97 


81.35 


52.83 


81.12 


53.18 


80.89 


63.54 


80.66 


53.89 


97 


98 


82.19 


53.37 


81.96 


53.73 


81.72 


54.09 


81.48 


54.46 


98 


99 


83.03 


53.92 


82.79 


54.28 


82.55 


64.64 


82.32 


56.00 


99 


100 

.2 


83.87 


54.46 


83.63 


54.83 


83.39 


65.19 


83.15 


65.56 


100 


Dep. 


Lat. 


Dep. 


Lat. 

\ 


Dep. 


Lat. 


Dep. 


Lat 


c 


57 Deg. 


561 Deg. 


56i Deg. 
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34Deg. 
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341 Deg. 
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5 
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Lat. 


Dep. 
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Dep. 


Lat. 


Dep. 


1 


0.83 


0.56 


0.83 


0.56 


0.57 


d 82 


0.57 


1 


2 


1.66 


1.12 


1.65 


1.13 


1.66 


1.13 


1.64 


1.14 


2 


3 


2.49 


1.68 


2.48 


1169 


2.47 


1.70 


2.46 


1.71 


3 


4 


3.32 


2.24 


3.31 


2.25 


3.30 


2.27 


3.29 


2.28 


4 


5 


4.15 


2.80 


4.13 


2.81 


4.12 


2.83 


4.11 


2.85 


6 


6 


4.97 


3.36 


4.96 


3.38 


4.94 


3.40 


4.93 


3.42 


6 


7 


5.80 


3.91 


5.79 


3.94 


5.77 


3.96 


5.75 


3.99 


7 


8 


6.63 


4.47 


6.61 


4.50 


6.59 


4.53 


6.57 


4.56 


8 


9 


7.46 


5.03 


7.44 


5.07 


7.42 


6.10 


7.39 


6.13 


9 


10 
11 


8.29 


5.59 


8.27 


5.63 


8.24 


5.66 


8.22 


5.70 


10 


9.12 


6.15 


9.09 


6.19 


9.07 


6.23 


9.04 


6.27 


11 


12 


9.95 


6.71 


9.92 


6.75 


9.89 


6.80 


9.86 


6.84 


12 


13 


10.78 


7.27 


10.75 


7.32 


10.71 


7.36 


10.68 


7.41 


13 


14 


11.61 


7.83 


11.57 


7.88 


11.54 


7.93 


11.50 


7.98 


14 


15 


12.44 


8.39 


12.40 


8.44 


12.36 


8.50 


12.32 


8.55 
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16 


13.26 


8.95 


13.23 


9.00 


13.19 


9.06 


13.15 


9.12 


16 


17 


14.09 


9.51 


14.05 


9.57 


14.01 


9.63 


13.97 


9.69 


17 


18 


14.92 


10.07 


; 14.88 


10.13 


14.83 


10.20 


14.79 


10.26 


18 


19 


15.75 


10.62 


; 15.71 


10.69 


15.66 


10.76 


15.61 


10.83 


19 


20 


16.58 


11.18 


i 16.53 


11.26 


16.48 


11.33 


16.43 


11.40 


20 


21 


17.41 


11.74 
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11.82 


17.31 
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17.25 
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21 


22 
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12.30 
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12.38 


18.13 


12.46 


18.08 


12.54 


22 


23 


19.07 


12.86 


i 19.01 


12.94 


18.95 


13.03 


18.90 


13.11 


23 


24 


19.90 


13.42 


1 19.84 


13.51 


19.78 


13.59 


19.72 


13.68 


24 


25 


20.73 


13.98 


20.66 


14.07 


20.60 


14.16 


20.54 


14.25 


26 


26 


21.55 


14.54 


21.49 


14.63 


21.43 


14.73 


21.36 


14.82 


26 


27 


22.38 


15.10 


22.32 


15.20 


22.25 


15.29 


22.18 


15.39 


27 


28 


23.21 
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23.14 


15.76 


23.08 


15.86 


23.01 


16.96 


28 


29 
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23.97 


16.32 


23.90 


16.43 


23.83 


16.53 


29 


30 


24.87 


16.78 


24.80 


16.88 


24.72 


16.99 


24.65 


17.10 


30 
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25.70 
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17.45 


25.55 


17.56 


25.47 


17.67 


31 


32 
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17.89 
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18.01 


26.37 
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26.29 


18.24 


32 


33 
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27.28 


18.57 


27.20 
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18.81 


33 


34 
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28.02 


19.26 


27.94 
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34 


35 


29.02 


19.57 


28.93 
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28.84 


19.82 


28.76 
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35 


36 


29.85 
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29.76 


20.26 


29.67 


20.39 


29.58 


20.52 


36 


37 
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20.69 


30.58 


20.82 


30.49 


20.96 


30.40 
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37 


38 
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21.25 


31.41 


21.39 


31.32 
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38 


39 
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21.81 
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32.14 


22.09 
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39 


40 
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22.51 


.32.97 
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33.79 
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23.94 
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43 
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24.36 


35.33 
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45 


46 
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38.02 


25.89 


37.91 


26.05 


37.80 


26.22 


46 


47 


38.96 


26.28 


38.85 


26.45 


38.73 


26.62 


38.62 


26.79 


47 


48 


39.79 


26.84 


39.68 


27.01 


39.56 


27.19 


39.44 


27.36 
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49 


40.62 


27.40 


40.50 


27.58 


40.38 


27.75 
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27.93 
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50 
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28.14 
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28.32 


41.08 
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67 
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72 
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76 
76 
77 
78 
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82 
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61 

52 

53 

54 

66 

56 

57 

68 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 
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Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


42.28 
43.11 
43.94 
44.77 
46.60 
46.43 
47.26 
48.08 
48.91 
49.74 


28.62 
29.08 
29.64 
30.20 
30.76 
31.31 
31.87 
32.43 
32.99 
33.66 


42.16 
42.98 
43.81 
44.64 
46.46 
46,29 
47.12 
47.94 
48.77 
49.60 


28.70 
29.27 
29.83 
30.39 
30.95 
81.52 
32.08 
32.64 
33.21 
33.77 


42.03 
42.85 
43.68 
44.60 
45.33 
46.16 
46.98 
47.80 
48.62 
49.46 


28.89 
29.46 
30.02 
30.69 
31.16 
31.72 
32.29 
82.85 
33.42 
33.98 


41.90 
42.73 
43.66 
44.37 
46.19 
46.01 
46.83 
47.66 
48.48 
49.30 


29.07 
29.64 
80.21 
80.78 
31.86 
31.92 
32.49 
33.06 
33.63 
34.20 


60.67 
51.40 
62.23 
63.06 
63.89 
54.72 
66.65 
66.37 
67.20 
68.03 


34.11 
84.67 
86.23 
36.79 
36 86 
36.91 
37.46 
38.03 
38.58 
39.14 


60.42 
61.26 
62.08 
52.90 
53.73 
64.65 
56.38 
56.21 
57.U3 
57.86 


34.33 
34.89 
36.46 
36.02 
36.68 
37.16 
37.71 
38.27 
38.83 
39.40 


60.27 
61.10 
61.92 
62.74 
63.57 
54.39 
55.22 
56.04 
56.86 
57.69 


34.66 
35.12 
36.68 
36.25 
36.82 
37.38 
37.95 
38.52 
39.08 
39.66 


60.12 
60.94 
61.76 
52.59 
63.41 
54.23 
55.06 
65.87 
66.69 
57.52 


84.77 
35.34 
35.91 
36.48 
37.06 
37.62 
38.19 
38.76 
39.83 
89.90 


58.86 
59.69 
60.52 
61.36 
62.18 
63.01 
63.84 
64.66 
66.49 
66.82 
67.15 
67,98 
68.81 
69.64 
70.47 
71.30 
72.13 
72.96 
73.78 
74.61 


39.70 
40.26 
40.82 
41.38 
41.94 
42.50 
43-06 
43.62 
44.18 
44.74 
46.29 
45.85 
46.41 
46.97 
47.53 
48.09 
48.65 
49.21 
49.77 
50.33 


58.69 
69.61 
60.34 
61.17 
61.99 
62.82 
63.66 
64.47 
66.30 
66.13 
66.96 
67.78 
68.61 
69.43 
70.26 
71.09 
71.91 
72.74 
78.67 
74.39 


39.96 
40.62 
41.08 
41.66 
42.21 
42.77 
43,34 
43.90 
44.46 
45.02 
46.59 
46.15 
46.71 
47.28 
47.84 
48.40 
48.96 
49.63 
60.09 
60.66 


68.61 
69.34 
60.16 
60.99 
61.81 
62.63 
63.46 
64.28 
65.11 
65.93 
66.75 
67.58 
68.40 
69.23 
70.06 
70.87 
71.70 
72.62 
73.35 
74.17 


40.21 
40.78 
41.35 
41.91 
42.48 
43.06 
43.61 
44.18 
44.76 
45.31 
45.88 
46.46 
47.01 
47.68 
48.14 
48.71 
49.28 
49.84 
60.41 
60.98 


58.34 
69.16 
59.98 
60.80 
61.62 
62.46 
63.27 
64.09 
64.91 
65.73 
66.65 
67.37 
68.20 
69.02 
69.84 
70.66 
71.48 
72.30 
73.18 
73.96 


40.47 
41.04 
41.61 
42.18 
42.75 
43.32 
43.89 
44.46 
46.03 
46.60 
46.17 
46.74 
47.31 
47.88 
48.45 
49.02 
49.59 
50.16 
50.73 
61.30 


76.44 
76.27 
77.10 
77.93 
78.76 
79.69 
80.42 
81.26 
82.07 
82.90 


50.89 
51.46 
52.00 
52.56 
53.12 
63.68 
64.24 
64.80 
55.36 
66.92 


75.22 
76.05 
76.87 
77.70 
78.63 
79.35 
80.18 
81.01 
81.83 
82.66 


51.22 
61.78 
52.34 
62.90 
63.47 
54.03 
54.69 
65.16 
66.72 
56.28 


75.00 
75.82 
76.64 
77.47 
78.29 
79.12 
79.94 
80.76 
81.69 
82.41 


61.64 
62.11 
62.68 
53.24 
53.81 
54.37 
54.94 
66.61 
56.07 
56.64 


^4.77 
75.69 
76.41 
?7.23 
78.06 
78.88 
79.70 
80.52 
81.34 
82.16 


51.87 
62.44 
53.01 
63.58 
54.15 
54.72 
55.29 
66.86 
56.43 
67.00 


Dep. 
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Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 
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35^ Deg. 
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Lat. 
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Lat. 


Dep. 
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Dep. 
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0.67 


0.82 


0.68 


0.81 


0.68 


0.81 


0.68 


I 


2 


1.64 


1.16 


1.63 


1.16 


1.63 


1.16 


1.62 


1.17 


2 


3 


2.46 


1.72 


2.46 


1.73 


2.44 


1.74 


2.43 


1.76 


3 


4 


3.28 


2.29 


3.27 


2.31 


3.26 


2.32 


3.26 


2.34 


4 


5 


4.10 


2.87 


4.08 


2.89 


4.07 


2.90 


4.06 


2.92 


5 


6 


4.91 


3.44 


4.90 


3.46 


4.88 


3.48 


4.87 


3.61 


6 


7 


6.73 


4.01 


6.72 


4.04 


6.70 


4.06 


6.68 


4.09 


7 


8 


6.56 


4.69 


6.63 


4.62 


6.61 


4.66 


6.49 


4.67 


8 


9 


7.37 


6.16 


7.36 


6.19 


7.33 


6.23 


7.30 


6.26 


9 


10 


8.19 


6.74 


8.17 


6.77 


8.14 


6.81 


8.12 


6.84 


10 


* if 


9.01 


G.31 


8.08 


6.36 


8.96 


6.39 


8.93 


6.43 
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12 


9.83 


6.88 


9.80 


6.93 


9.77 


6.97 


9.74 


7,01 


12 


13 


10.66 


7.46 


10.62 


7.60 


10.68 


7.66 


10.65 


7.60 


13 


14 


11.47 


8.03 


11.43 


8.08 


11.40 
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27.13 
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47 
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30.40 
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45.73 
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49.00 


29.43 
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43.82 
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60.62 
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44.13 
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59.24 
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51.62 
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71.64 
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81.92 
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62.77 
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76.95 
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57.49 
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7.26 
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6.60 


8.84 
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8.23 
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8.28 


11.25 
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8.38 


14 




15 


12.14 


8.82 
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8.87 


12.06 


8.92 


12.02 


8.97 


15 




16 
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9.40 


12.90 


9.46 


12.86 


9.52 


12.82 


9.57 
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17 


13.75 


9.99 


13.71 


10.06 


13.67 


10.11 


13.62 


10.17 
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18 
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14.63 
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14.47 


10.71 


14.42 
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15.27 


11.30 
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21 
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11.97 
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18.43 
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19.23 


14.36 


24 




25 
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24.92 
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32 
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18.81 


25.81 
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19.63 
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19.98 
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28.94 
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21.54 
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26.45 
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60.09 


44.87 


76 


76 


61.49 


44.67 


61.29 


44.94 


61.09 


45.21 


60.90 


46.47 


76 


77 


62.29 


46.26 


62.10 


46.53 


61.90 


45.80 


61.70 


46.07 


77 


78 


63.10 


46.86 


62.90 


46.12 


62.70 


46.40 


62.50 


46.67 


78 


79 


63.91 


46.43 


63.71 


46.71 


63.60 


46.99 


63.30 


47.27 


79 


80 
81 


64.72 


47.02 


64.52 


47.30 


64.31 


47.59 


64.10 


47.87 


80 
81 


66.53 


47.61 


66.32 


47.90 


66.11 


48.18 


64.90 


48.46 


82 


66.34 


48.20 


66.13 


48.49 


65.92 


48.78 


66.70 


49.06 


82 


83 


67.15 


48.79 


66.93 


49.08 


66.72 


49.37 


66.50 


49.66 


83 


84 


67.96 


49.37 


67.74 


49.67 


67.52 


49.97 


67.31 


60.26 


84 


85 


68.77 


49.96 


68.55 


50.26 


68.33 


60.56 


68.11 


60.86 


86 


86 


69.58 


50.56 


69.35 


50.86 


69.13 


51.15 


68.91 


61.46 


86 


87 


70.38 


61.14 


70.16 


61.44 


69.94 


61.75 


69.71 


62.06 


87 


88 


71.19 


61.73 


70.97 


62.04 


70.74 


62.34 


70.61 


62.66 


88 


89 


72.00 


52.31 


71.77 


52.63 


71.54 


52.94 


71.31 


53.25 


89 


90 
91 


72.81 


62.90 


72.68 


53.22 


72.35 


63.63 


72.11 


63.86 


90 
91 


73.62 


63.49 


73.89 


63.81 


73.15 


54.13 


72.91 


64.45 


92 


74.43 


54.08 


74.19 


54.40 


73.95 


54.72 


73.72 


56.06 


92 


93 


76.24 


54.66 


75.00 


64.99 


74.76 


66.32 


74.52 


66.64 


93 


94 


76.05 


55.25 


76.81 


55.68 


75.56 


55.91 


76.32 


60.24 


94 


96 


76.86 


55.84 


76.61 


56.17 


76.37 


66.61 


76. W 


66.84 


9^ 


96 77.67 


56.43 


77.42 


66.77 


77.17 


57.10 


76.92 


57.44 


96 


97 78.47 


67.02 


78.28 


57.36 


77.97 


57.70 


77.72 


58.04 


97 


98 1 79.28 


57.60 


79.03 


57.95 


78.78 


58.29 


78.52 


68.64 


98 


99:80.09 


58.19 


79.84 


58.54 


79.58 


58.89 


79.52 


59.23 


90 


100 

i 


80.90 


58.78 


80.64 


69.13 


80.39 


59.48 


80.13 


59.83 


too 

.5 

a 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


»Dep. 


Lat 


54 Deg. 


531 Deg. 


53^ Deg. 


63i Deg. 
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STDeg. 


37* D^. 


S7i Deg. 


371 Deg. 


r 


a 

s 

1 


Lat. 


Dep. 


Lat. Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


0.80 


0.60 


0.80 6.61 


0.79 


0.61 


0.79 


0.61 


1 


2 


1.60 


1.20 


1.59 


1.21 


1.69 


1.22 


1.58 


1.22 


2 


3 


2.40 


1.81 


2.39 


1.82 


2.38 


1.83 


2.37 


1.84 


3 


4 


3.19 


2.41 


3.18 


2.42 


3.17 


2.13 


3.16 


2.45 


4 


5 


3.99 


3.01 


3.98 


3.03 


3.97 


3.04 


3.95 


3.06 


5 


6 


4.79 


3.61 


4.78 


3.63 


4.76 


3.65 


4.74 


8.67 


6 


7 


6.59 


4.21 


6.67 


4.24 


5.65 


4.26 


6.63 


4.29 


7 


8 


6.39 


4.81 


6.37 


4.84 


6.36 


4,87 


6.33 


4.90 


8 


9 


7.19 


5.42 


7.16 


5.45 


7.14 


5.48 


7.12 


6.51 


9 


10 
11 


7.99 


6.02 


7.96 


6.06 


7.93 


6.09 


7.91 


6.12 


10 


8.78 


6.62 


8.76 


6.66 


8.73 


6.70 


S.70 


6.73 


11 


12 


9.58 


7.22 


9.56 


7.26 


9.52 


7.31 


9.49 


7.35 


12 


13 


10.38 


7.82 


10.36 


7.87 


10.31 


7.91 


10.28 


7.96 


13 


14 


11.18 


8.43 


11.14 


8.47 


11.11 


8.52 


11.07 


8.57 


14 


15 


11.98 


9.03 


11.94 


9.08 


11.90 


9.13 


11.86 


9.18 


15 


16 


12.78 


9.63 


12.74 


9.68 


12.69 


9.74 


12.65 


9.80 


16 


17 


13.58 


10.23 


13.53 


10.29 


13.49 


10.35 


13.44 


10.41 


17 


18 


14.38 


10.83 


14.33 


10.90 


14.28 


10.96 


14.23 


11.02 


18 


19 


15.17 


11.43 


16.12 


11.50 


15.07 


11.57 


16.02 


11.63 


19 


20 


16.97 


12.04 


15.92 


12.11 


15.87 


12.18 


15.81 


12.24 


.20 
21 


21 


16.77 


12.64 


16.72 


12.71 


16.66 


12.78 


16.60 


12.86 


22 


17.57 


13.24 


17.51 


13.32 


17.45 


13.39 


17.40 


13.47 


22 


23 


18.37 


13.84 


18.31 


13.92 


18.25 


14.00 


18.19 


14.08 


23 


24 


19.17 


14.44 


19.10 


14.53 


19.04 


14.61 


18.98 


14.69 


24 


25 


19.97 


15.05 


19.90 


16.13 


19.83 


16.22 


19.77 


15.31 


25 


26 


20.76 


15.65 


20.70 


16.74 


20.63 


16.83 


20.66 


15.92 


26 


27 


21.66 


16.26 


21.49 


16.34 


21.42 


16.44 


21.35 


16.53 


27 


28 


22.36 


16.85 


22.29 


16.95 


22.21 


17.06 


22.14 


17.14 


28 


29 


23.16 


17.46 


23.08 


17.55 


23.01 


17.65 


22.93 


17.75 


29 


30 

31 


23.96 


18.05 


23.88 


18.16 


23.80 


18.26 


23.72 


18.37 


30 


24.76 


18.66 


24.68 


18.76 


24.69 


18.87 


24.61 


18.98 


31 


32 


25.. 56 


19.26 


25.47 


19.37 


25.39 


19.48 


25.30 


19.59 


32 


33 


26.35 


19. 8G 


26.27 


19.97 


26.18 


20,09 


26.09 


20.20 


33 


34 


27.16 


20.46 


27.06 


20.58 


26.97 


20.70 


26.88 


20.82 


34 


35 


27.95 


21.06 


27.86 


21.19 


27.77 


21.31 


27.67 


21.43 


35 


36 


28.75 


21.67 


28.66 


21.79 


28.56 


21.92 


28.46 


22.04 


36 


37 


29.56 


22.27 


29.45 


22.40 


29.36 


22.52 


29.26 


22.66 


37 


3S 


30.35 


22.87 


30.26 


23.00 


30.15 


23.13 


30.06 


23.26 


33 


39 


31.15 


23.47 


31.04 


23.61 


30.94 


23.74 


30.84 


23.88 


39 


40 
41 


31.96 


24.07 


31.84 


24.21 


31.73 


24.36 


31.63 


24.49 


40 


32.74 


24.67 


32.64 


24.82 


32.53 


24.96 


32.42 


25.10 


41 


42 


33.54 


25.28 


33.43 


25.42 


33.32 


25.57 


33.21 


25.71 


42 


43 


34.34 


26.88 


34.23 


26.03 


34.11 


26.18 


34.00 


26.33 


43 


44 


35.14 


2G.48 


35.02 


26.63 


34.91 


26.79 


34.79 


26.94 


44 


45 


35.94 


27.08 


36.82 


27.24 


35.70 


27.39 


35.68 


27.55 


45 


40 


36.74 


27.68 


36.62 


27.84 


36.49 


28.00 


36.37 


28.16 


46 


47 


37.54 


28.29 


37.41 


28.46 


37.29 


28.61 


37.16 


28.77 


47 


48 


38.33 


28.89 


38.21 


29.05 


38.08 


29.22 


37.96 


29.39 


48 


49 


39.13 


29.49 


39.00 


29.66 


38.87 


29.83 


38.74 


30.00 


49 


60 

•1 


39.93 
Dep. 


30.09 


39.80 


30.26 


39.67 


30.44 


39.53 


30.61 


50 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


6 

1 


53 De^. 


1 621 Deg. 

1 


52h Deg. 


5Zi Deg, 
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37 Deg. 


37i Deg. 


37i Deg. 


371 Deg. 


g 
S' 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


40.73 


30.69 


40.60 


30.87 


40.46 


31.05 


40.33 


81.22 


Ti 


52 


41.53 


31.29 


41.39 


31.48 


41.25 


31.66 


41.12 


31.84 


52 


63 


42.33 


81.90 


42.19 


32.08 


42.05 


32.26 


41.91 


32.45 


53 


64 


43.13 


b2.50 


42.98 


32.69 


42.84 


32.87 


42.70 


83.06 


54 


56 


43.92 


33.10 


43.78 


33.29 


43.63 


33.48 


43.49 


33.67 


56 


66 


44.72 


33.70 


44.58 


33.90 


44.43 


34.09 


44.28 


34.28 


66 


57 


45.62 


34.30 


45.37 


34.50 


45.22 


34.70 


46.07 


34.90 


57 


58 


46.32 


34.91 


46.17 


35.11 


46.01 


35.31 


45.86 


36.51 


58 


69 


47.12 


36.51 


46.96 


35.71 


46.81 


35.92 


46.65 


36.12 


59 


60 
^1 


47.92 


36.11 


47.76 


36.32 


47.60 


36.53 
37.13 


47.44 


86.73 


60 


48.72 


36.71 


48.56 


36.92 


48.39 


48.23 


37.36 


61 


62 


49.52 


37.31 


49..35 


37.63 


49.19 


37.74 


49.02 


37.96 


62 


63 


50.31 


37.91 


60.15 


38.13 


49.98 


88.35 


49.81 


38.57 


63 


64 


51.11 


38.62 


50.94 


38.74 


50.77 


38.96 


50.60 


39.18 


64 


65 


51.91 


39.12 


51.74 


39.34 


61.57 


39.67 


51.39 


39.79 


65 


66 


62.71 


39.72 


62.54 


39.95 


52.86 


40.18 


52.19 


40.41 


66 


67 


53.51 


40.32 


53.33 


40.55 


68.15 


40.79 


52.98 


41.02 


67 


68 


54.31 


40.92 


54.13 


41.16 


53.95 


41.40 


53.77 


41.63 


68 


69 


55.11 


41.53 


64.92 


41.77 


54.74 


42.00 


54.56 


42.24 


69 


70 
71 


55.90 
56.70 


42.13 
42.73 


55.72 


42.37 


65.63 


42.61 


65.35 


42 86 


70 


66.52 


42.98 


66.33 


43.22 


56.14 


43.47 


71 


72 


57.60 


43.33 


67.31 


43.68 


57.12 


43.83 


66.93 


44.08 


72 


73 


58.30 


43.93 


68.11 


44.19 


67.91 


44.44 


57.72 


44.69 


73 


74 


59.10 


44.53 


68.90 


44.79 


58.71 


45.05 


68.51 


45.30 


74 


75 


59.90 


45.14 


59.70 


45.40 


59.60 


45.66 


59.30 


45.92 


75 


76 


60.70 


45.74 


60.50 


46.00 


60.29 


46.27 


60.09 


46.53 


76 


77 


61.49 


46.34 


61.29 


46.61 


61.09 


46.87 


60.88 


47.14 


77 


78 


62.29 


46.94 


62.09 


47.21 


61.88 


47.48 


61.67 


47.75 


78 


79 


63.09 


47.64 


62.88 


47.82 


62.67 


48.09 


62.46 


48.37 


79 


80 

81 


63.89 
64.89 


48.15 


63.68 


48.42 


63.47 


48.70 


63.26 


48.98 


80 
81 


48.75 


64.48 


49.03 


64.26 


49.31 


64.05 


49.59 


82 


66.49 


49.35 


65.27 


49.63 


66.05 


49.92 


64.84 


50.20 


82 


83 


66.29 


49.95 


66.07 


50.24 


65.85 


50.53 


65.63 


50.81 


83 


84 


67.09 


50.56 


66.86 


50.84 


66.64 


51.14 


66.42 


51.43 


84 


85 


67.88 


51.45 


67.66 


51.45 


67.43 


61.74 


67.21 


52.04 


85 


86 


68.68 


5i:76 


68.46 


52.06 


68.23 


52.36 


68.00 


52.65 


86 


87 


69.48 


62.36 


69.25 


52.66 


69.02 


52.96 


68.79 


53.26 


87 


88 


70.28 


62.96 


70.05 


53.27 


69.82 


53.57 


69.58 


53.88 


88 


89 


71.08 


63.56 


70.84 


63.87 


70.61 


54.18 


70.37 


64.49 


89 


90 
91 


71.88 


64.16 


71.64 


64.48 


71.40 


54.79 


71.16 


55.10 


90 


72.68 


54.77 


72.44 


55.08 


72.20 


55.40 


71.95 


55.71 


91 


92 


73.47 


55.37 


73.23 


55.69 


72.99 


56.01 


72.74 


56. .32 


92 


93 


74.27 


55.97 


74.03 


66.29 


73.78 


56.61 


73.53 


56.94 


93 


94 


75.07 


66.67 


74.82 


66.90 


74.58 


57.22 


74.32 


57.55 


94 


95 


76.87 


57.17 


75.62 


57.50 


75.37 


57.83 


75.12 


58.16 


95 


'96 


76.67 


67.77 


76.42 


58.11 


76.16 


58.44 


75.91 


58.77 


96 


97 


77.47 


58.38 


77.21 


58.71 


76.96 


59.06 


76.70 


59.39 


97 


98 


78.27 


68.98 


78.01 


69.32 


77.75 


59.66 


77.49 


60.00 


98 


99 


79.06 


69.58 


78.80 


69.92 


78.54 


60.27 


78.28 


60.61 


99 


100 

13 


79.86 


60.18 


79.60 


60.63 
Lat. 


79.34 


60.88 


79.07 


6) .22 


100 

1 


Dep. 


Lat. 


Dep. 


Dep. 


Lat. 


Dep. 


Lat. 


53 Deg. 


62jDeg. 


52i Deg, 


524 Deg. 


5 
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1 


2SV9g. 


384 Deg. 38i Deg. 


381 Deg. 


f 




Lu. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 




0l79" 


0.62 


0.79 


0.62 


0.78 


0.62 


0.78 


0.63 


1 




3 


1.58 


1.23 


1.57 


1.24 


1.57 


1.24 


1.66 


1.25 


2 




3 


2.36 


1.85 


2.36 


1.86 


2.85 


1.87 


2.34 


1.88 


3 




4 


3.15 


2.46 


3.14 


2.48 


3.13 


2.49 


3.12 


2.60 


4 




5 


3.94 


8.08 


3.93 


3.10 


3.91 


3.11 


3.90 


3.13 


6 




6 


4.73 


3.69 


4.71 


3.71 


4.70 


3.74 


4.68 


a. 76 


6 




7 


5.52 


4.31 


5.50 


4.33 


6.48 


4.36 


6.46 


4.38 


7 




8 


6.30 


4.93 


6.28 


4.95 


6.26 


4.98 


6.24 


6.01 


8 




9 


7.09 


5.54 


7.07 


5.67 


7.04 


6.60 


7.02 


6.63 


9 




10 
U 


7.88 


8.16 


7.85 


6.19 


7.83 


6.23 


7.80 


6.26 


10 




8.67 


6.77 


8.64 


6.81 


8.61 


6.86 


8.58 


6.89 


11 




12 


9.46 


7.39 


9.42 


7.43 


9.89 


7.47 


9.36 


7.61 


12 




13 


10.24 


8.00 


10.21 


8.06 


10.17 


8.09 


10.14 


8.14 


13 




14 


11.03 


8.62 


10.99 


8.67 


10.96 


8.72 


10.92 


8.76 


14 




15 


11.82 


9.23 


11.78 


9.29 


11.74 


9.34 


11.70 


9.39 


16 




16 


12.61 


9.85 


12.67 


9.91 


12.62 


9.96 


12.48 


10.01 


16 




17 


13.40 


10.47 


13.35 


10.52 


13.30 


10.68 


13.26 


10.64 


17 




18 


14.18 


11.08 


14.14 


11.14 


14.09 


11.21 


14.04 


11.27 


18 




19 


14.97 


11.70 


14.92 


11.76 


14.87 


11.83 


14.82 


11.89 


19 




20 


15.76 


12.31 


15.71 


12.38 


16.65 


12.45 


16.60 


12.62 


20 




21 


16.65 


12.93 


16.49 


13.00 


16.43 


13.07 


16.88 


13.14 


21 




22 


17.34 


13.54 


17.28 


13.62 


17.22 


13.70 


17.16 


13.77 


22 




23 


18.156 


14.16 


18.06 


14.24 


18.00 


14.32 


17.94 


14.40 


23 




24 


18.91 


14.78 


18.85 


14.86 


18.78 


14.94 


18.72 


15.02 


24 




26 


19.70 


15.39 


19.63 


15.48 


19.67 


16.66 


19.60 


15.66 


25 




26 


20.49 


16.01 


20.42 


16.10 


20.36 


16.19 


20.28 


16.27 


26 




27 


21.28 


16.62 


21.20 


16.72 


21.13 


16.81 


21.06 


16.90 


27 




28 


22.06 


17.24 


21.99 


17.33 


21.91 


17.43 


21.84 


17.63 


28 




29 


22.85 


17.85 


22.77 


17.95 


22.70 


18.06 


22.62 


18.16 


29 




30 


23.64 


18.47 


23.66 


18.57 


23.48 


18.68 


23.40 


18.78 


30 




31 


24.43 


19.09 


24.34 


19.19 


24.26 


19.30 


24.18 


19.40 


31 




32 


25.22 


19.70 


25.13 


19.81 


25.04 


19.92 


24.96 


20.03 


32 




83 


26.00 


20.32 


25.92 


20.43 


25.83 


20.54 


25.74 


20.66 


33 




84 


26.79 


20.93 


26.70 


21.05 


26.61 


21.17 


26.52 


21.28 


34 




35 


27.58 


21.55 


27.49 


21.67 


27.39 


21.79 


27.30 


21.91 


35 




36 


28.37 


22.16 


28.27 


22.29 


28.17 


22.41 


28.08 


22.53 


36 




87 


29.16 


22.78 


29.06 


22.91 


28.96 


23.03 


28.86 


23.16 


37 




38 


29.94 
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45.69 


40.42 


45.61 


40.62 


61 


62 


46.79 


40.68 


46.61 


40.88 


46.44 


41.08 


46.26 


41.28 


62 


63 


47.55 


41.33 


47.37 


41.64 


47.18 


41.75 


47.00 


41.95 


63 


64 


48.30 


41.99 


48.12 


42.20 


47.93 


42.41 


47.75 


42.62 


64 


65 


49.06 


42.64 


48.87 


42.86 


48.68 


43.07 


48.49 


43.28 


65 


66 


49.81 


43.30 


49.62 


43.52 


49.43 


43.73 


49.24 


43.95 


66 


67 


50.57 


43.96 


50.37 


44.18 


50.18 


44.40 


49.99 


44.61 


67 


68 


51.32 


44.61 


51.13 


44.84 


50.93 


45.06 


50.73 


45.28 


68 


69 


52.07 


45.27 


51.88 


45.49 


51.68 


45.72 


51.48 


45.95 


69 


70 
71 


52.83 


45.92 


52.63 


46.15 


62.43 


46.38 


52.22 


46.61 


70 


53.58 


46.58 


53.38 


46.81 


63.18 


47.05 


52.97 


47.28 


71 


72 


54.34 


47.24 


54.13 


47.47 


53.92 


47.71 


63.72 


47.94 


72 


73 


55.09 


47.89 


64.88 


48.13 


54.67 


48.37 


64.46 


48.61 


73 


74 


.55.85 


48.55 


65.64 


48.79 


55.42 


49.03 


66.21 


49.28 


74 


75 


56.60 


49.20 


.56.. 39 


49.45 


56.17 


49.70 


55.95 


49.94 


75 


76 


57.36 


49.86 


67.14 


50.11 


56.92 


60.36 


66.70 


60.61 


76 


77 


58.1! 


50.62 


.57.89 


60.77 


.57.67 


51.02 


67.45 


61.27 


77 


78 


58.87 


51.17 


.58.64 


51.43 


58.42 


61.68 


58.19 


61.94 


78 


79 


59.62 


51.83 


59.40 


52.09 


69.17 


62.85 


68.94 


62.60 


79 


80 
81 


60.-38 


.52.48 


60.15 


52.75 


69.92 


53.01 


59.68 


53.27 


80 


61.13 


53.14 


60.90 


53.41 


60.67 


53.67 


60.43 


63.94 


81 


82 


61.89 


53.80 


61.65 


64.07 


61. 4J 


64.33 


61.18 


54.60 


82 


83 


62.64 


.54.45 


62.40 


54.73 


62.16 


.55.00 


61.9-2 


55.27 


83 


84 


63.40 


55.11 


63.15 


65.38 


62.91 


65.66 


62.67 


55.93 


84 


85 


64.15 


55.76 


63.91 


56.04 


63.66 


56.32 


63.41 


56.60 


85 


86 


64.90 


56.42 


64.66 


66.70 


64.41 


56.99 


64.16 


57.27 


86 


87 


65.66 


67.08 


65.41 


67.36 


65.16 


57.65 


64.91 


67.93 


87 


88 


66.41 


57.73 


66.16 


58.02 


65.91 


58.31 


65.66 


.58.60 


b8 


89 


67.17 


58.39 


66.91 


68.68 


66.66 


58.97 


66.40 


59.26 


89 


90 
91 


67.92 


59.05 
59.70 


67.67 


69.34 


67.41 


59.64 


67.15 


59.93 


90 


68.68 


68.42 


60.00 1 


68.16 


60.30 


67.89 


60.60 


91 


92 


69.43 


60.36 


69.17 


60.66 


68.90 


60.96 


68.64 


61.26 


92 


93 


70.19 


61.01 


69.92 


61.32 


69.65 


61.62 


69.38 


61.93 


93 


94 


70.94 


61.67 


70.67 


61.98 


70.40 


62.29 


70.13 


62.59 


94 


95 


71.70 


62.33 


71.43 


62.64 


71.15 


62.95 


70.88 


63.26 


95 


96 


72.45 


62.98 


72.18 


63.30 


71.90 


63.61 


71.62 


63.92 


96 


97 


73.21 


63.64 


72.93 


63.96 


72.65 


64.27 


72.37 


64.69 


97 


98 


73.96 


64.29 


73.68 


64.62 


73.40 


64.94 


73.11 


65.26 


98 


99 


74.72 


64.95 


74.43 


65.28 


74.15 


65.60 


73.86 


6^,92 


99 


100 

1 


75.47 1 65.61 


75.18 


65.93 


74.90 


66.26 


74.61 


60.59 


100 
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1 


Dop. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


49 Deg. 


48} Deg. 


48^ Deg. 
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g 


42 Deg. 


424 Deg. 


421 Deg. 


42} Deg. 




Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


1 


0.74 


0.67 


0.7% 


0.67 


0.74 


0.68 


0.73 


0.68 


I 


2 


1.49 


1.34 


1.48 


1.34 


1.47 


1.36 


1.47 


1.36 


2 


3 


2.23 


2.01 


2.22 


2.02 


2.21 


2.03 


2.20 


2.04 


3 


4 


2.97 


2.68 


2.96 


2.69 


2.95 


2.70 


2.94 


2.72 


4 


6 


3.72 


3.35 


3.70 


3.36 


3.69 


3.38 


3.67 


3.39 


6 


6 


4.46 


4.01 


4.44 


4.03 


4.42 


4.05 


4.41 


4.07 


6 


7 


6.20 


4.68 


5.18 


4.71 


6.16 


4.73 


6.14 


4.75 


7 


8 


5.95 


5.35 


6.92 


5.38 


5.90 


6.40 


6.87 


6.43 


8 


9 


6.69 


6.02 


6.66 


6.06 


6.64 


6.08 


6.61 


6.11 


9 


10 
11 


7.43 


6.69 


7.40 


6.72 


7.37 


6.76 


7.34 


6.79 


10 


8.17 


7.36 


6.14 


7.40 


8.11 


7.43 


8.08 


7.47 


11 


12 


8.92 


8.03 


8.88 


8.07 


8.85 


8.11 


8.81 


8,16 


12 


13 


9.66 


8.70 


9.62 


8.74 


9.58 


8.78 


9.56 


8.82 


13 


14 


10.40 


9.37 


10.36 


9.41 


10.32 


9.46 


10.28 


9.60 


14 


15 


11.15 


10.04 


11.10 


10.09 


11.06 


10.13 


11.01 


10.18 


15 


16 


11.89 


10.71 


11.84 


10.76 


11.80 


10.81 


11.75 


10.86 


16 


17 


12.63 


11.38 


12.58 


11.43 


12.53 


11.48 


12.48 


11.64 


17 


18 


13.38 


12.04 


13.32 


12.10 


13.27 


12.16 


13.22 


12.22 


18 


19 


14.12 


12.71 


14.06 


12.77 


14.01 


12.84 


13.95 


12.90 


19 


20 


14.86 


13.38 


14.80 


13.45 


14.75 


13.51 


14.69 


13.. 08 


20 


21 


15.61 


14.05 


15.54 


14.12 


15.48 


14.19 


15.42 


14.25 


21 


22 


16.35 


14.72 


16.28 


14.79 


16.22 


14.86 


16.16 


14.93 


22 


23 


17.09 


15.39 


17.02 


16.46 


16.96 


15.64 


16.89 


15.61 


23 


24 


17.84 


16.06 


17.77 


16.14 


17.69 


16.21 


17.62 


16.29 


24 


25 


18.58 


16.73 


18.51 


16.81 


18.43 


16.89 


18.36 


16.97 


25 


26 


19.32 


17.40 


19.25 


17.48 


19.17' 


17.67 


19.09 


17.65 


26 


27 


20.06 


18.07 


19.99 


18.15 


19.91 


18.24 


19.83 


18.33 


27 


28 


20.81 


18.74 


20.73 


18.83 


20.64 


18.92 


20.. 56 


19.01 


28 


29 


21.55 


19.40 


21.47 


19.50 


21.38 


19.69 


21.30 


19.69 


29 


30 


22.29 


20.07 


22.21 


20.17 


22.12 


20.27 


22.03 


20.36 


30 


31 


23.04 


20.74 


22.95 


20.84 


22.86 


20.94 


22.76 


21.04 


31 


32 


23.78 


21.41 


23.69 


21.52 


23.59 


21.62 


23.50 


21.72 


32 


33 


24.62 


22.08 


24.43 


22.19 


24.33 


22.29 


24.23 


22.40 


33 


34 


25.27 


22.75 


25.17 


22.86 


25.07 


22.97 


24.97 


23.08 


34 


35 


26.01 


23.42 


25.91 


23.53 


25.80 


23.65 


25.70 


23.76 


35 


36 


26.75 


24.09 


26.65 


24.21 


26.54 


24.32 


26.44 


24.44 


36 


37 


27 50 


24.76 


27.39 


24.88 


27.28 


25.00 


27.17 


25.12 


37 


38 


28.24 


25.43 


28.13 


25.55 


28.02 


25.67 


27.90 


25.79 


38 


39 


28.98 


26.10 


28.87 


26.22 


28.75 


26.35 


28.64 


26.47 


39 


40 


29.73 


26.77 


29.61 


26.89 


29.49 


27.02 


29.37 


27.15 


40 


41 


30.47 


27.43 


30.35 


27.57 


30.23 


27.70 


30.11 


27.83 


41 


,42 
/43 

44 


31.21 


28.10 


31.09 


28.24 


30.97 


28.37 


30.84 


28.61 


42 


31.96 


28.77 


31.83 


28.91 


31.70 


29.05 


31. .58 


29.19 


43 


32.70 


29.44 


32.57 


29.58 


32.44 


29.73 


32.31 


29.87 


44 


45 


33.44 


30.11 


33.31 


30.26 


.33.18 


30.40 


33.04 


30.. 55 


45 


46 


34.18 


30.78 


34.05 


30.93 


33.91 


31.08 


33.78 


31.22 


46 


47 


34.93 


31.45 


34.79 


31.60 


34.65 


31.75 


34.51 


31.90 


47 


48 


35.67 


32.12 


35.53 


32.27 


35.39 


32.43 


35.25 


32.. 58 


48 


49 


36.41 


32.79 


36.27 


32.95 


.36.13 


33.10 


35.98 


.33.26 


49 


no^ 


37.16 


33.46 


37.01 


33.62 


36.86 


33.78 


36.72 


33.94 


50 


00 

5 
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Dep. 
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Dep. Lat. 


Dep. 
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1 
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2 
§ 

51 
52 
53 
54 
55 
56 
57 
58 
59 
80 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

Q 


43Decr. 


i 

424 Deg. 


42iDeg. 


421 Deg. 


p 


LaU 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lau 


Dep. 


37.90 
38.64 
39.39 
40.13 
40.87 
41.62 
42.36 
43.10 
43.85 
44.69 


34.13 
34.79 
36.46 
36.13 
36.80 
37.47 
38.14 
38.81 
39.48 
40.15 


37.75 
38.49 
39.23 
39.97 
40.71 
41.45 
42.19 
42.93 
43.67 
44.41 


34.29 
34.96 
35.64 
36.31 
36.98 
37.65 
38.32 
39.00 
39.67 
40.34 


87.60 
38.34 
39.08 
39.81 
40.55 
41.29 
42.02 
42.76 
43.60 
44.24 


34.46 
35.13 
36.81 
36.48 
37.16 
37.83 
38.51 
39.18 
39.86 
40.64 


87.45 
88.18 
38.92 
80.65 
40.39 
41.12 
41.86 
42.69 
48.82 
44.06 


84.62 
86.80 
36.98 
36«66 
87«88 
88.01 
88.69 
89.87 
40.05 
40.73 


51 
62 
53 
64 
56 
66 
67 
68 
59 
60 


45.33 
46.07 
46.82 
47.56 
48.30 
49.05 
49.79 
50.53 
51.28 
52.02 


40.82 
41.49 
42.16 
42.82 
43.49 
44.16 
44.83 
45.60 
46.17 
46.84 


45.16 
45.89 
46.63 
47.37 
48.11 
48.85 
49.59 
60.33 
51.07 
51.82 


41.01 
41.69 
42.36 
43.03 
43.70 
44.38 
45.05 
45.72 
46.39 
47.07 


44.97 
45.71 
46.45 
47.19 
47.92 
48.66 
49.40 
50.13 
60.87 
51.61 


41.21 
41.89 
42.56 
43.24 
43.91 
44.59 
45.26 
45.94 
46.62 
47.29 


44.79 
46.63 
46.26 
47.00 
47.73 
48.47 
49.90 
49.93 
60.67 
51.40 


41.41 
42.09 
42.76 
43.44 
44.12 
44.80 
45.48 
46.16 
46.84 
47.62 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


52.76 
53.61 
54.25 
64.99 
56.74 
56.48 
57.22 
67.97 
68.71 
59.45 


47.51 
48.18 
48.85 
49.62 
50.18 
50.85 
61.52 
52. J 9 
62.86 
53.53 


52.56 
53.30 
64.04 
64.78 
65.62 
56.26 
67.00 
57.74 
58.48 
69.22 


47.74 
48.41 
49.08 
49.76 
50.43 
51.10 
51.77 
52.44 
63.12 
53.79 


52.35 
63.08 
53.82 
54.56 
66.30 
56.08 
66.77 
57.61 
58.24 
68.98 


47.97 
48.64 
49.82 
49.99 
60.67 
51.34 
62.02 
52.70 
53.87 
54.05 


62.14 
62.87 
63.61 
64.34 
66.07 
66.81 
66.54 
57.28 
68.01 
68.75 


48.19 
48.87 
49.55 
50.23 
60.91 
61.69 
52.27 
52.95 
63.63 
64.30 


71 
72 
73 

74 
75 
76 
77 
78 
79 
80 


60.19 
60.94 
61.68 
62.42 
63.17 
63.91 
64. 65 
65.40 
66.14 
66.88 


64.20 
64.87 
56.54 
56.21 
66.88 
67.66 
58.21 
58.88 
59.55 
60.22 


59.96 
60.70 
61.44 
62.18 
62.92 
63.66 
64.40 
65.14 
66.88 
66.62 


54.46 
65.13 
55.81 
66.48 
67.15 
57.82 
68.60 
59.17 
59.84 
60.61 


69.72 
60.46 
61.19 
61.93 
62.67 
63.41 
64.14 
64.88 
65.62 
66.35 


64.72 
55.40 
66.07 
56.76 
67.43 
68.10 
68.78 
59.45 
60.13 
60.80 


59.48 
60.21 
60.95 
61.68 
62.42 
63.15 
63.89 
64.62 
65.35 
66.09 


54.98 
65.66 
56.34 
57.02 
57.70 
68.38 
69.06 
59.73 
60.41 
61.09 


81 
82 
83 
84 
85 
86 
87 
88 
8!) 
90 
91 
i)'Z 
93 
94 
95 
96 
97 
9H 
99 
100 


67.63 
68.37 
69.11 
69.86 
70.60 
71.34 
72.08 
72.83 
73.57 
74.31 


60.89 
61.66 
62.23 
62.90 
63.57 
64.24 
64.91 
65.57 
66.24 
66.91 


67.36 
68.10 
68.84 
69.58 
70.32 
71.06 
71.80 
72.64 
73.28 
74.02 


61.19 
61.86 
62.53 
63.20 
63.87 
64.55 
65.22 
65.89 
66.56 
67.24 


67.09 
67.83 
68.67 
69.30 
70.04 
70.78 
71.62 
72.25 
72.99 
73.73 


61.48 
62.16 
62.83 
68.61 
64.18 
64.86 
65.63 
66.21 
66.88 
67.66 


66.82 
67.66 
68.29 
69.03 
69.76 
70.49 
71.23 
71.96 
72.70 
73.43 


61.77 
62.45 
63.13 
63.81 
64.49 
65.16 
65.84 
66.52 
67.20 
67.88 


Dep. 
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Dep. 
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Dep. 
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43^ Deg. 
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Dep. 


Lat. Dep. 
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Dep. 


Lat. 


Dep. 


0.73 


0.68 


0.73 0.69 


0.73 


0.69 


0.72 


0.69 


1 


2 


1.46 


1.36 


1.46 


1.37 


1.45 


1.38 


1.44 


1.38 


2 


3 


2.19 


2.05 


2.19 


2.06 


2.18 


2.07 


2.17 


2.07 


3 


4 


2.93 


2.73 


2.91 


2.74 


2.90 


2.76 


2.89 


2.77 


4 


5 


3.66 


3.41 


3.64 


3.43 


3.63 


3.44 


3.61 


8.46 


5 


6 


4.39 


4.09 


4.37 


4.11 


4.35 


4.13 


4.33 


4.16 


6 


7 


6.12 


4.77 


5.10 


4.80 


5.08 


4.82 


6.06 


4.84 


7 


8 


5.85 


5.46 


5.83 


5.48 


5.80 


6.51 


5.78 


5.63 


8 


9 


6.58 


6.14 


6.56 


6.17 


6.53 


6.20 


6.60 


6.22 


9 


10 
11 


7.31 


6.82 


7.28 


6.85 


7.26 


6.88 


7.22 


6 92 


10 


8.04 


7.50 


8.01 


7.54 


7.98 


7.57 


7.96 


7.61 


11 


12 


8.78 


8.18 


8.74 


8.22 


8.70 


8.26 


8.67 


8.80 


12 


13 


9.51 


8.87 


9.47 


8.91 


9.43 


8.95 


9.89 


8.99 


13 


14 


10.34 


9.55 


10.20 


9.59 


10.16 


9.64 


10.11 


9.68 


14 


15 


10.97 


10.23 


10.93 


10.28 


10.88 


10.33 


10.84 


10.87 


15 


16 


11.70 


10.91 


11.65 


10.96 


11.61 


11.01 


11.66 


11.06 


16 


17 


12.43 


11.59 


12.38 


11.65 


12.33 


11.70 


12.28 


11.76 


17 


18 


13.16 


12.28 


13.11 


12.33 


13.06 


12.39 


13.00 


12.45 


18 


19 


13.90 


12.96 


13.84 


13.02 


13.78 


13.08 


13.72 


18.14 


19 


20 


14.63 


13.64 


14.57 


13.70 


14.51 


13.77 


14.45 


13.83 


20 


'21 


15.36 


14.32 


15.30 


14.39 


15.23 


14.46 


15.17 


14.62 


21 


22 


16.09 


15.00 


16.02 


15.07 


15.96 


15.14 


16.89 


15.21 


22 


23 


16.82 


15.69 


16.75 


15.76 


16.68 


15.83 


16.61 


15.90 


23 


24 


17.55 


16.37 


17.48 


16.44 


17.41 


16.52 


17.34 


16.60 


24 


25 


18.28 


17.05 


18.21 


17.13 


18.13 


17.21 


18.06 


17.29 


26 


26 


19.02 


17.73 


18.94 


-17.81 


18.86 


17.90 


18.78 


17.98 


26 


27 


19.75 


18.41 


19.67 


18 50 


19.59 


18.59 


19.50 


18.67 


27 


28 


20.48 


19.10 


20.3Vf 


19.19 


2Q.31 


19.27 
19.96 


20.23 


19.36 


28 


29 


21.21 


19. 7S 


21.12 


19.87 


21.04 


20.95 


20.05 


29 


30 
31 


21.94 


20.46 


21.85 


20.56 


21.76 


20.65 


21.67 


20.75 


80 


22.67 


21.14 


22.58 


21.24 


22.49 


21.34 


22.39 


21.44 


31 


32 ' 23.40 


21.82 


23.31 


21.93 


23.21 


22.03 


23.12 


22.13 


82 


33 


24.13 


22.51 


24.04 


22.61 


23.94 


22.72 


23.84 


22.82 


33 


34 


24.87 


23.19 


24.76 


23.30 


24.66 


23.40 


24.66 


23.51 


34 


35 


25.60 


23.87 


25.49 


23.98 


25.39 


24.09 


25.28 


24.20 


35 


36 


26.33 


24.55 


26.22 


24.67 


26.11 


24.78 


26.01 


24.89 


86 


37 


27.06 


25.23 


26.95 


25.35 


26.84 


25.47 


26.78 


25.59 


37 


38 


27.79 


25.92 


27.68 


26.04 


27.56 


26.16 


27.45 


26.28 


88 


39 


28.52 


26.60 


28.41 


26.72 


28.29 


26.85 


28.17 


26.97 


39 


40 
41 


29.25 


27.28 


29.13 


27.41 


29.01 


27.53 


28.89 


27.66 


40 


29.99 


27.96 


29.86 


28.09 


29.74 


28.22 


29.62 


28.35 


41 


42 


30.72 


28.64 


30.59 


28.78 


30.47 


28.91 


30.34 


29.04 


42 


43 


31.45 


29.33 


31.32 


29.46 


31.19 
31.92 


29.60 


31.06 


29.74 


43 


44 


32.18 


30.01 


32.05 


30.15 


30.29 


31.78 


80.43 


44 


45 


32.91 


30.69 


32.78 


30.83 


32.64 


80.98 


32.51 


31.12 


45 


46 


33.64 


31.37 


33.51 


31.52 


33.37 


31.66 


33.23 


31.81 


46 


47 


34.37 


32.05 


34.23 


32.20 


34.09 


32.35 


33.96 


32.60 


47 


48 


35.10 


32.74 


34.96 


32.89 


34.82 


33.04 


34.67 


33.19 


48 


49 


35.84 


33.42 


35.69 


33.57 


35.54 


33.73 


35.40 


33.88 


49 


50 

1 


36.57 


34.10 


36.42 


34.26 


36.27 


34.42 


36.12 


34.58 


60 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


5 


47 Degr. 


461 Deg. 


46i Deg. 


4(4 Deg. 



THAVI3RSE TABLB. 



B9 



1 

51 


43 Deg. 


43^ Deg. 


43} Deg. 


433 Deg. 


1 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


37.30 


34.78 


37.16 


34.94 


36.99 


36.11 


36.84 


36.27 


52 


88.03 


36.46 


37.88 


35.63 


37.72 


35.79 


37.56 


36.96 


62 


53 


38.76 


36.15 


38.60 


86.31 


38.44 


36.48 


38.29 


36.65 


53 


54 


39.49 


36.83 


39.33 


37.00 


39.17 


37.17 


39.01 


37.34 


54 


55 


40.22 


37.51 


40.06 


37.69 


39.90 


37.86 


39.73 


38.03 


65 


56 


40.96 


38.19 


40.79 


38.37 


40.62 


38.55 


40.46 


88.72 


66 


57 


41.69 


38.87 


41.52 


39.06 


41.36 


39.24 


41.17 


89.42 


67 


58 


42.42 


39.56 


42.25 


39.74 


42.07 


39.92 


41.90 


40.11 


68 


59 


43.15 


40.24 


42.97 


40.43 


42.80 


40.61 


42.62 


40.80 


59 


60 
61 


43.88 


40.92 


43.70 


41.11 


43.62 


41.30 


43.34 


41.49 


60 

61 


44.61 


41.60 


44.43 


41.80 


44.26 


41.99 


44.06 


42.18 


62 


45.34 


42.28 


45.16 


42.48 


44.97 


42.68 


44.79 


42.87 


62 


63 


46.08 


42.97 


46.89 


43.17 


45.70 


43.37 


45.61 


43.57 


63 


64 


46.81 


43.65 


46.62 


43.85 


46.42 


44.06 


46.23 


44.96 


64 


65 


47.54 


44.33 


47.34 


44.64 


47.15 


44.74 


46.96 


44.96 


66 


66 


48.27 


45.01 


48.07 


45.22 


47.87 


45.43 


47.68 


45.64 


66 


67 


49.00 


46.69 


48.80 


46.91 


48.60 


46.1'* 


48.40 


46.88 


67 


68 


49.73 


46.38 


49.63 


46.59 


49.33 


46.81 


49.12 


47.02 


68 


69 


50.46 


47.06 


60.26 


47.28 


60.05 


47.50 


49.84 


47.71 


69 


70 


51.19 


47.74 


60.99 


47.96 


60.78 


48.18 


60.57 


48.41 


70 


71 


61.93 


48.42 


51.71 


48.66 


61.60 


48.87 


51.29 


49.10 


71 


72 


52.66 


49.10 


52.44 


49.33 


52.23 


49.56 


62.01 


49.79 


72 


73 


53.39 


49.79 


53.17 


50.02 


62.95 


60.25 


62.73 


60.48 


73 


74 


54.12 


50.47 


53.90 


50.70 


63.68 


60.94 


63.45 


61.17 


74 


75 


54.85 


51.15 


54.63 


51.39 


54.40 


61.63 


64.18 


61.86 


76 


76 


55.58 


51.83 


56.36 


62.07 


66.13 


52.31 


64.90 


52.66 


76 


77 


56.31 


52.51 


66.08 


52.76 


66.86 


63.00 


66.62 


63.25 


77 


78 


67.05 


53.20 


66.81 


53.44 


66.68 


63.69 


66.34 


63.94 


78 


79 


67.78 


53.88 


67.64 


64.13 


67.30 


64.38 


57.07 


64.63 


79 


80 


58.51 


64.56 


58.27 


64.81 


68.03 


56.07 


67.79 


56.32 


80 
81 


81 


69.24 


65.24 


69.00 


65.60 


lOe" 


66.76 


68.61 


66.01 


82 


59.97 


65.92 


59.73 


66.18 


69.48 


66.45 


59.23 


66.70 


82 


83 


60.70 


56.61 


60.45 


56.87 


60.21 


57.13 


69.96 


67.40 


83 


84 


61.43 


57.29 


61.18 


57.56 


60.93 


57.82 


60.68 


68.09 


84 


85 


62.17 


57.97 


61.91 


58.24 


61.66 


58.51 


61.40 


58.78 


85 


86 


62.90 


68.66 


62.64 


68.93 


62.38 


69.20 


62.12 


69.47 


86 


87 


63.63 


59.33 


63.37 


59.61 


63.11 


59.89 


62.86 


60.16 


87 


88 


64.36 


60.02 


04.10 


60.30 


63.83 


60.58 


68.67 


60.86 


88 


89 


65.09 


60.70 


64.82 


60.98 


64.56 


61.26 


64.29 


61.64 


89 


90 
91 


66.82 


61.38 


65.66 


61. «7 


65.28 


61.96 


66.01 


62.24 


90 
91 


66.55 


62.06 


66.28 


62.35 


66.01 


62.64 


66.74 


62.93 


92 


67.28 


62.74 


67.01 


63.04 


66.73 


63.33 


66.46 


63.62 


92 


93 


68.02 


63.43 


67.74 


63.72 


67.46 


64.02 


67.18 


64.81 


93 


94 


68.75 


64.11 


68.47 


64.41 


68.19 


64.71 


67.90 


66.00 


94 


95 


69.48 


64.79 


69.20 


65.09 


68.91 


66.. 39 


68.62 


66.69 


95 


96 70.21 


65.47 


69.92 


65.78 


69.64 


66.08 


69.36 


66.39 


96 


97 


70.94 


66.15 


70.66 


66.46 


70.36 


66.77 


70.07 


67.08 


97 


98 


71.67 


66.84 


71.37 


67.15 


71.09 


67.46 


70.79 


67.77 


98 


99 


72.40 


67.62 


72.11 


67.83 


71.81 


68.15 


71.61 


68.46 


99 


100 

s 


73.14 


68.20 


72.84 


68.52 


72.64 


68.84 


72.24 


69.15 


100 


Dep. 


Lat 


Dep, 


Lai. 


Dep. 


Lat 


Dep. 


Lat. 


47 Deg. 


461 Deg. 


46iDeg. 


4H Deg. 



13 



Po 



TRAVERSE TABLE. 



5 

* 

p 

1 


44Deg. 


ll 
44i l>Bg, 1 


444 Deg, 


44i Deg. 


45D<jg. 1 

■ — • — --I 


1 


Lai. 


Dep. 


L.t. 


DepJ 


Lmt. 


Dep. 


Lat, 


Dep. 


Lat. 


Dtip. 1 3 


0.73 


~0769 


0.73 


0.70 


0,71 


"oTto 


0.7t 


0.71 


0,7L 


o^^ii i 


% 


1,44 


1.39 


1.43 


1,40 


1.43 


1.40 


1.42 


J. 41 


1.41 


*^^*[ I 


3 


2,lfi 


2.08 


2.15 


S^»» 


2.14 


3.10 


3.13 


2.U 


2.12 


2.13 3 


4 


3.88 


3-78 


a.ar 


2.?^J 


2.85 


3.80 


2.84 


2.82 


2,83 


3.83 4 


a 


3.60 


3,47 


3,.'i8 


3.49 


3,57 


3.50 


3. .53 


3.53^ 


3,-54 


3.54 " 


ty 


6 


4-33 


4,17 


4,30 


4.19 


4.3a 


4.31 


4,36 


4.23: 


4,24 


4.34 


5 


7 


6.04 


4,80 


5.01 


4.88 


4.99 


4,91 


4,97 


4.93- 


4.95 


4,95 


7 


B 


5,75 


.'i.Sfi 


5.73 


5,58 


5.71 


5.61 


6.68 


5,63; 


5.66 


5,06 


8 


9 


R A7 


0.35 


6.45 


6.28 


6.43 


6.31 


6.39 


6.34 


6,36 


6.36 9 


i9 T.ial 


6.9.1 


7.16 
7.88 


e.98 


7.13 


7*01 
7.71 


7.10 


7.04 


7,07 


7.07 LO 
7.78.11 


u 


7.91 


7.64 


7.68 


7.85 


7.81 


7.74 


7.78 


12 


P. 63 


8.34 


8.60 


8.37 


8.56 


8.41 


8.52 


8,45 


8.49 


8. 49113 


13 


9,35 


9,03 


9.31 


9.07 


9.37 


9.11 


9.33 


9.15 


9.19 


9,19ilS 


LI 


10,07 


11.73 


10.03 


9.77 


9,99 


9,81 


9.94 


9.86 


9.90 


9. 90114 


15 


in_79 


10.43 


10.74 


10.47 


10,70 


10.51 


10.65 


10.56 


10.61 


10.61 15 


, I6lii.5i 


11.11 


11.46 


11.16 


11.41 


11.31 


n.36 


11.26 


IU31 


11.31 16 


17112.23 


1 1,81; 


12.18 


11.86 


13.13 


11.93 


13,07 


11,97, 


ia.02 


12.0217 


ia!ia.95 


12.50 


12.89 


12.56 


12.84 


12.62 


12,78 


12,67 


13,73 


12.73 Its 


Ii*il3,fi7 


13,20 


13.61 


13.3^1| 


13. 55113. 321 


13.49 


13.38 


13.43 13,431191 


20 U,3'J 

21 15. LL 


13.89 
14.59 


14.33 


13.96 


I4,26|l4.02' 


14.20 


14.08 


14.14 
14.8.^ 


14.14120 
14.85 21 


15.04 


14,65 


14.98 14.73 


14.91 


14.78 


22 15.83 


15. 281115. 76;i5.35l 


15.69 


15.43 


15.62 


15.49 


i5.56 


15.56 22 


23 16*54 


if, f[H 


16.47 


16.05 


16.40 


16,13 


16.33 


16.19 


16.26 


16.36 33 


34 l7.2B:ifi.r>7 


17,19 


16.7.5' 


17,12 


16,83''17.04 


16.90 


16.97 


16.97:24 


25ll7.9rt 


17,37 


17.91 


n.44 


17.83 


17,52 |I7. 75 


17.60 


17.68 17.6812.'^ 


36iie.70 


18,0fi|;ia.62 
ie.7fi!l<J.34 


18.14 


18.54 


18.23 !l8, 46 


18.30 


118.38 


18,38120 


27 i 19 .42 


18.84 


19.26 


18.93 19,17 


19,01 


19.09 


19,0927 


28 20.14 


19.45 


30.06 


!9.n4 


19.97 


19.63 19.89 


19.71 


19,90 


I9,80i38 


S9,20.efl 


30.15 


30.77 


20.24 


30,68 


20.33] 20.60 


30.42 


20,51 


30.51129 


3U2K58 


30.84 


21.49 


20.93 


31.40 


31 .03' 21.31 


21.12 


21.31 


21.31 30 
21.92,^1 


3 L 122.30 


21.53 


22.31 


31.63 


22.11 


31.73]32.03|2t.82 


31.93 


32 23,02 


23.33 


22.92 


22,33 


22.82 


22,43123.73 


33.53 


22. G3 


23.63 32 


33I23.74 


22.93 


23,64 


23.03 


133.54 


23.13 23.44 


33.23 


23,33 


23,33 33 


34(34.46 


33. G2 


24,35 


23.73 


24.25 


33.83 


^24.15 


23.94 


24.04 


24,04^4 


3S 2S, IS 


24.31 


25.07 


34.42 


24.96 


24.63 


'24.86 


34.64 


34.75 


,24. 75:35 


sftia^^so'ss.oi 


25.79 


35.12 


25.68 


25.33 


25.57 


25.34 


25.46 


35.46136 


37:£fi.B2 


25,70 


36.50 


25.82 


26,39 


25,93:36.28 


26,05 


I36.I6 


36.16|37 


38 37,33 


26.40 


27.22 


25.52 


37.10 


36.83 


26,9936,75 


36,87 


26,87138 
37,581 39 


39 2^*05 


27.09 


37.94 


27.21 


37.82 


37,31 


27,70127.46 


27,58 


40 2S.77 
4l!29.4f3 


27,79 


38.65 


27.91 


28,53 


28,04 


28.41 


12*^.16 


28.28 


28,38|40 


28.48 


2n. 37128. 61 


29.24 


28.74,i39.1^ 


j' 28, 861 28, 99 


28.99 


41 


42S^0.ai 
43 '30.93 


29,18 


30.08 


29,3^ 


39.9fj 


39.^4 


29,83 39.57 


29. 7<] 


29.70 


42 


29.87:30.81 


30,00 


1 30,61 


30,14 


30.54 30.27 


30.41 


30.41 


43 


44 31.65 


30 . 56 


31.52 


30,70 


|3l,38f30,84 


[ 31.25 30.98 


,31. U 


31. U 


44 


45I32*3T 


^31.26 


33.23 


31.40 


32.10 


31.54 31.96 3K6S 


131.85 


:31.S2 


46 


46 33 .OS 


»31.95 


32.9.'i 


^33.U 


32.81 


1 32.24 ;32. 67 32.38 


33.51 


133.53 


.46 


47 33,81 32.6.^ 


33,61 


33.80 


33., 53 


33.94 33.38 33.0^ 


33, 2E 


J 33.23 


47 


: 48 34.53 33.34 


34.36 


33.49 


34.34 


33.64 34.09 33.78 
34.34 34.80 34.51] 


33,9^ 


133.94 


'i48 


' 49 35.25 34.04 


3^3. IC 


J 34. IS 


34. 9f 


34. 6t 


i34.6.^ 


iS 


50,35.97 34.73 


35. 82134. 8S 


35, ee 

Dep. 


> 35. Oi 


i 35.51 36. 3C 


35. 3( 
Dep. 


J 35.36 


^5(t 


d 
1 


Dop. \ Lftt. 


Dup. 1 Litt, 


Lat, 


Dep. Lat. 


1 


46Deg 


45 i De^, 


454 Deg. 


45^ Deg. 


4SDeg. 


Q 



TRAVERSE TABLE. 



44 Dag, 



Lat. Dep, 



51 
53 



6:1 j39 



64 



m 



55139 



44i Dcg. 



Lb.L Dep* 



00I3H, 



61 
6*^ 



6S45 
G4i4fi 
65^4fi 
66:47 
67l48 

69f49 
70S5tV 

'7i|5r 



40 
44) 

IL 
H!^4:3 
60 4;j 
32 43 
0144 
76!4.'i, 
4ft|46, 

soke, 

92147, 
63^47 
3fj;48 



43 36, 
1£ 37, 
83;,a7, 
5n3S. 
3l'39. 
90 40, 
60 ''40, 
*2li,4K 
iH 4-J. 

37Jj43, 
07 '44. 
7K;45. 
4fi 4r>. 

15 46 



5.T 40 
^1141. 

fi&4a, 

4l|43. 
13143. 



72 
73 
74 



7B|5a, 
76ia4, 
77155. 

71* [56. 

_8057, 

H2,5S , 
B;1;59 
Bt:60. 
85161. 
8^61, 
87l63 
afll63 
80,64, 
^|64_ 
9li65 
92 66 
03'66, 
91 167, 

<»i}69, 
97169, 
OH 70. 
9Wi71, 

loa?!, 



07 49. 
79'60- 
51150. 

33 51. 
95 52. 
67 52 . 
39 53, 
U 54, 
H3 54, 
55 55. 
27 56" 
m 56. 
71 57, 
43 58. 
14 59 . 
36 59. 
58 60. 
3061. 

_74 62. 
46 63~ 
ISR3. 
90 G4. 
63 R5. 

34 65. 
06 66. 
7S67. 
50 68 . 

2t m. 

93 69. 



47- 

47, 

4a. 

49. 

60. 

50. 

51. 

53, 

53 

53 

,'j4 

65 

65, 

56, 

.57, 

58 

58 

69, 

60, 

GO, 

61. 

62. 

63. 

63, 

(H^ 

65, 

91^65. 

60' 66. 

'A'.i i'<< . 



71J47, 
43148, 

14148, 



86i49, 



44^ De^, 



Lai, 

36.38 
37 , 09 
37.80 

39.33 
39 . 91 
40.66 
41,37 
J2J)8 
4 3 . 7iJ 
43 51 
i44 32 
'44 93 
45 6.') 
■46 36 
147.07 
'47.79 
I48.5U 
|49.81 
49,93 



Dep. 



57 

39 50. 
01 5L 

72|52, 
44f53 
16 63, 
67(54, 
591.55, 
30.-^5, 



57 

36 

95 

60 

36 

05 

75 

45 

15 

85 

54 50.64 

34151.3.1 

94 '52.07 



,35.75 
'36.45 
37.15 
37,85 
38.55 
39,25 
39.95 
40 . 65 
41.35 
1 43. 05 
42.76 
43,46 
44,16 
,44.66 
45.50 
46.26 
'46.«J6 
47.66 
48.. ^6 
49.06 



17^.58 
69^69 



Dep. 



Lnt. 



a 46 De^r. 



Dep, Lat 



45 f Deg. 



52.78 
53*49 
.54,31 
54,93 
55,63 
56.35 
57,06 



49.76 '50. 
.^.47,151, 
51. 17 '51, 
51.B7 63, 



57.77 
5H.49 
59,20 
£9,dl 

fio.sa 

61.34 
62.06 
63.77 
63.48 
64^19 
64, yt 
65,63 
66.33 
67.05 
67.76 
68.47 
69.19 
69.90 
70.61 
71.33 



44| Ufi^. 



Lat. Dep. LaL 



45 Ueg. 



90 36 
61 !36 
31 '37 
02«38 
72f38, 
43 39, 
13 '40, 
83;41, 
51 '4 1 , 
£4143, 



Ji 



94,43 
65 43 
35 44 
06 4.5 
76 45 
46:!46 
17|47 
87 48 
58 48 
28 1 49 



13 
84 
.55 



Dop. 



36.061 
36, 77 J 
37.48[ 
38,18. 
:^8,89[ 
39,601 
40.3ll 
41.01$ 
41.72, 
-ia.4,H| 



52.57 
53.27 
53,97 
54.67 
55.37 
56.07 



66,77 57. 
67,47 58, 
S8,lRi58. 



42 
13 

m 

55 53 
26.52 
97]53 
68 64 



63, 8B 
69.68 
60.38 
60.98 
61.68 
62.38 
63.08 



Dep, 



63,7'< 
64.48 
65.18 
66.89 
66.59 
67.29 
67.99 
68.69 
69-39 
70.09 



LaU 



45 3 De^. 



39 
10 
81 
52 67 
24I57, 
ti5l5e, 
,6fl'59, 
.37159, 
0860, 
.79*61, 
60,61, 
21|62, 
,92 63 



69 
60 
61 
61 
62 
63 
63^ 
04,63 64,07 



03i57. 
73I57. 
43i58. 
14 .59, 
84,60, 
55 60. 



36,63 



65,34 
66.06 
66.76 
67,47 
68.18 
68,89 



64.77 
66.47 
66.18 
66.88 
67.59' 
68,29 



69,6068.99 

70,31 

71.02 



6a* 70 
70.40 



Dep. 



Lat. 



45| Dc^. 



43.131 

43.84 
44.55 
35145, £5 1 
96|45,96, 
6746.67 
3S47,38 

oske.osi 

79'48,79 
5Q| 49.50 | 
30i.50.3O 
91|50,91 
6251,62 
3352.33: 
03.53,03" 
74 63.74 
45.54.45 
15 55,i5 
8 6:. 55, 86 
671 56,67 
28 57.3H 
9857. 9H I 
69 58.69 
,40 59.40 
.10 60,10 
,81 60. 8t 
,52 61.52 
,33 62.23, 
93 63.93 
64 ,63.64' 
64.35(64.3ri| 
65.0565,05 
65.76165, 761 
66.47 66.47 
67.1867,18 
67.88167.88 
08.59|68,59 
6 9. 30 '69* 30 
70.00170.00 
70.71 70. 7t 



Dep, I L&t, 



I 

45 Dpf . , Q 



51 1 
52 
53 

.51, 
67 
5S 
fiL' 
61J 
Tl 
62! 
63 
64 
65 
66 
67 
6S 
69 
IQ 
71 
72 
73 
74 
7.5 
76 
77 
78 

80 
H{ 

H^Z 
H3 

R4 
85 
86 

8? 
MS 

m 
90 

~9J 

9.; 
93 

94 

9:1 

9 If 
07 
98 
99 
100' 



92 



TABIiE OF NATURAL SIXES. 






4 r>o| I il'rjiM ){]<;» 



Ifnu. 

flOUOOl 



1 Ue^, ^i Deg. 






6(00175 

y|OO^r>-!uoiKju 

10 00^9Li!HK)[Ji» 



uoooo! 

UOOOO*!' 
OlMtllO 



ii Ou;jao|ihjaiJif 
I3;oo;j78 yyi>yy 

18 OUr>"^l \i[)'Mi\) 
19.0055;J :n>J'H 
30' 00 A?^ 2 l^lMM^H 
21 OOfHimtiilS^'^ 

22O0(j40yyi*a-^ 

23,006fil>9i)OS*S 



::4 00B93 
25,00727 

26 007ri6 

27 007^i5 
38; 00^1 4 
2 » 00844 

:i0[ ooa7a 
ai,oou<>*-; 

33,0[J'Jl>iJ 



91>997 
99&97 
iiU5l97 
99tJ97 

99ft9ri 



[nn*9li 

01J99ii 
34|04>98:J/J999') 
35^01018 9i)!Ha 
36iOini7'9iJ995 

37 0107+1 PSJ994 

38 0] lO'i 99^91 
39Oll3.i,90994 
40it>lHM:»9**U3 
4liOll<Ki, 99999 
42 0i:;!i-d99993 
la^Htifi] 99992 



14 012^11 
4n 013(19 

46 ni3;w 

47,01367 
4B 0139« 
49i 01425 
5001454 
51 014H3 
52|01S13 
r^a 01545 



01571 
01600 
01629 

01BS7 
01716 



Sine 



99992 
99091 



99991 
99991 
99990 
99090 
999H9 
999wy 
99989 
99988 
99988 
999R7 
99987 
999i^G 
99980 
99985 



Nat. 
Sine 



RP Di»ff. 



02tj47 
02876 
02705 
927^4 
J27«ia 
f>2792 
)2^U1 

O^^LKiS 
029fi7 
0299t; 
03t>25 



03955 
0;J984 
01013 
04012 
O407 1 
04100 
04iy9 
04159 
94188 
04217 
0424+^ 
04273 
04301 



99922 
99921 
99919 
99918 
999 J 7 
99916 
999 lA 
99913 
99912 
999 1 1 
99910 
99909 
99907 



UI3fi2 9990n' 

oi;iiU 



-d U**g, 






99363, 
99801 
99360 
99^58, 
99S5T 
99855 
99854: 
9985'J 
99851 
99849 
99847 
9984& 
99844 
99842 
9984 1 
99839 



4 Utig. 

Nn. N, Co- 
sine Sine 



052^4 

05263 

05292 

0532 i 

05350 

05379 

05^108 

05437 

0546fi 

05495 

05534 

05553 

05582 

05611 

05640 

05609 

05698 

95727 

05756 

05785 

05814 

05S44 99829 

05873 99827 

059 Oy 99829, 



00970 
07005 
07O34 
0706 a 
07092 
07121 
07150 
07179 
07208 
07237 
07200 
07295 
07334 
07353 
07382 
074 U 



05931 
05960 



05989 99821 



00018 
00047 
0(i07S 
06105 



03 1 1 2 
03141 
(j3170 
03199 
03238 
03257 
03286 
03316 
03345 
03374 
03403 
03^132 
0:!461 



eilrie 



'J*MAh\ .{16134 
£M^!MJ2{0inri3 
99901 06192 
99900 1 063 3 1 
99898 r062iO 
^ilH97"'06279 
:JfH9fi|[)6308 
99Hu4i|9633 
99H90 ;U6366 
99892 1 063 95 
9t»890 ]0fi424 
,0471 I ;i:f'^:^9 Of>453 
"047 1<' HiKH.-H ;06482 
o.i7<'^:f viif'^.^r. hinsn 
OIhU- «j:>SH5iO0540 



,04^50 99882 
04885 99881 
OJOli rJ;H79 



0fi598 
06637 
(S6656 



urM:! !i;m7>; 06685 



I 114^^2 9^)H7(^ 
,05001199875 
i 05030,99873 
> 05059 99873 
I 05088 99870 
I 05117,99869 
hO5140 99867 
iOfi 1 75199860 
», 5 J05 199864 



06714 
0fi743 



06773 99770 
06802 1 99 768 



Nat. 
E^iiie 



mine 



80 Desr, 



998'j4 
99S22 



99819 
99817 
99815 
99813 



99756 

99754 

99752 

99750 

99748 

99746 

99744 

99743 

99740 

99738 

99736 

99734 

9973 L 

99729 _ . 

99737 46 

99735 45 



07440 
07469 
07498 
07537 
07556 
07585 
07614 
07643 
07672 
07701 
O7730 
07760 
07788 
07817 
07846 
07876 
07904 
07933 
07963 
07991 
OS 020 
0^'»49 
<)8078 
08107 
08liJ6 
08105 
08194 
0>?233 



99T23 
99721 
99719 
99716 
99714 
99713 
99710 
99708 
99705 
99703 
99701 
09699 
99690 
99694 
99692 



99689 
99687 
99685 
99683 
99680 
99078 
09676 
99673 
99671 
99608 
99666 
S9664 
99601 
08?J52 n9Gx'V9 



99784 
997,':^2 
99780 
99778 
99776 
99774 
99773 



083;J9 99653 13 
083H8 99649! 13 



06831 
0(1860 
06889 



99766 
99764 
99762 



06918 99760 
069471 99758 

Sine 



Nat, 



H6 D+'tr. 



08397 99647 
08426 99644 
08455 99643 
08484 99639 ... 
08513 99637 7 
08542 99635 
08571 9963a 
08000 99630 
086'^^:i li'jry^ii 



• >868i |9Ui>j^ 






m til? 



TABLE OP NATtniAL 8IN£8 



U3 



Oj 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 



46 
47 
48 
49 
60 
51 
62 
53 
54 
55 
56 
57 
58 
59 



5 Deg. 



N.8. 



08716 
08746 
08774 
08803 
08831 
08860 
08889 
08918 
08947 
08976 
09005 
09034 
09063 
09092 
09121 
09150 



09179 
09208 
09287 
09266 
09295 
09324 
09353 
09382 
09411 
09440 
09469 
09498 
09527 
09556 
09585 



09614 
09642 
09671 
09700 
09729 
00758 
097S7 
09816 
09845 
09874 
09903 
09932 
09961 
09990 
10019 



10048 
10077 
10106 
10135 
10164 
10192 
10221 
10250 
10279 
10308 
10337, 
10366 
10395 
10424 



N.C8. 



99619 
99617 
99614 
99612 
99609 
99607 
99604 
99602 
99599 
99596 
99594 
99591 
99588 
99586 
99583 
99580 



99578 
99575 
99572 
99570 
99567 
99664 
99562 
99559 
99556 
99563 
99551 
99548 
99545 
99542 
99540 



6 Pe g. 



I N.8. 

10453 

10482 

10511 

10540 

10569 

10597 

10626 

10655 

10684 

10713 

10742 

10771 

10800 

10829 

10858 

10887 



99452 
99449 
99446 
99443 
99440 
99437 
99434 
99431 
99428 
99424 
99421 
99418 
99415 
99412 
99409 
99406 



10916 
10945 
10973 
11002 
11031 
11060 
11089 
11118 
11147 
11176 
11205 
11234 
11263 
11291 
11320 



99402 
99399 
99396 
99393 
99390 



99537 
99534 
99531 
99528 
99526 
99523 
99520 
99517 
99514 
99511 
99508 
99506 
99503 
99500 
99497 



99494 
99491 
99488 
99485 
99482 
99479 
99476 
99473 
99470 
99467 
994 f)4 
99461 
99458 
99455 



N. C8. 1 N. 8. 



84 Doff 



11349 
11378 
11407 
11436 
11465 
11494 
11523 
11552 
11580 
11609 
11638 
11667 
11696 
11725 
11754 



11783 
11812 
11840 
11869 
11898 
11927 
11956 
11985 
12014 
12043 
12071 
12100 
12129 
12158 



N. C8. N. 8. 



N.C8. 



99383 
99380 
99377 
99374 
99370 
99367 
99364 
99360 
99357 



99354 
99351 
99347 
99344 
99341 
99337 
99334 
99331 
99327 
99324 
99320 
99317 
99314 
99310 
99307 



99303 
99300 
99297 
99*93 
99290 
99286 
99283 
99279 
99276 
99272 
99269 
992C5 
99262 
09258 



7 Peg. 



N.8. 



12187 
12216 
12245 
12274 
12302 
12331 
12360 
12389 
12418 
12447 
12476 
12504 
12633 
12562 
12591 
12620 



N.C8 . 
99255 
99251 
99248 
99244 
99240 
99237 
99233 
99230 
99226 
99222 
99219 
99215 
99211 
99208 
99204 
99200 



12649 
12678 
12706 
12735 
12764 
12793 
1282;^ 
12851 
12880 
12908 
12937 
12966 
12995 
13024 
13053 



13081 
13110 
13139 
13168 
13197 
13226 
13254 
13283 
13312 
13341 
13370 
13399 
13427 
13466 
13485 



13514 
13543 
13572 
13600 
13629 
13658 
13687 
13716 
13744 
13773 
13802 
13831 
13860 
13889 



99197 
99193 
99189 
99186 
99182, 
99178 
99175 
99171 
99167 
99163 
99160 
99156 
99152 
99148 
99144 



99141 
99137 
99133 
99129 
99125 
99122 
99118 
99114 
99110 
99106 
99102 
99098 
99094 
99091 
99087 



99083 
99079 
99075 
99071 
99067 
99063 
99059 
99065 
99051 
99047 
99043 
99039 
99035 
99031 



N.S. 



U3 Dee. 



N.C8. 

[i 8*2 Peg. 



8 Peg. 



N.S. 



13917 
13946 
13975 
14004 
14033 
14061 
14090 
14119 
14148 
14177 
14205 
14234 
14263 
14292 
14320 
14349 
14378 
14407 
14436 
14464 
14493 
14522 
14551 
14580 
14608 
14637 
14666 
14695 
14723 
14752 
14781 



14810 
14838 
14867 
14896 
14926 
14954 
14982 
15011 
15040 
15069 
15097 
15126 
15155 
15184 
16212 



16241 
15270 
15292 
15327 
163.56 
15385 
115414 
; 15442 
il5471 
[15500 
16529 
15557 
116686 
1 1661 5 
I N. CS. 



N.CS. 



99027 
99023 
99019 
99015 
99011 
99006 
99002 
98998 
98994 
98990 
98986 
98982 
98978 
98973 
98969 
98965 



98961 
98957 
98953 
98948 
98944 
98940 
98936 
98931 
98927 
98923 
98919 
98914 
98910 
98906 
98902 



98897 
98893 
98889 
98884 
98880 
98876 
98871 
98867 
98863 
98858 
98854 
98849 
98846 
98841 
98836 



98832 
98827 
98823 
98818 
98814 
98809 
98806 
98800 
98796 
98791 
98787 
98782 
98778 
98773 



N.fi. 



81 Peg. 



9 Peg. 



N.fi 



15643 
15672 
16701 
15730 
15758 
15787 
15816 
15845 
15873 
15902 
15931 
15959 
15988 
16017 
16046 
16074 



N.CS. 



98769 
98764 
98760 
98755 
98751 
98746 
98741 
98737 
98732 
98728 
98723 
98718 
98714 
98709 
987(»4 
98700 



16103 
16132 
16160 
16189 
1621» 
16246 
16276 
16304 
16333 
16361 
16390 
16419 
16447 
16476 
16505 



16533 
16562 
16591 
16620 
16648 
16677 
16706 
16734 
16763 
16792 
16820 
16849 
16878 
16906 
1693 5 
16964 
16992 
17021 
17060 
17078 
17107 
17136 
17164 
17193 



98695 
98690 
98686 
98681 
f)8676 
98671 
98667 
98662 
98657 
98652 
98648 
98643 
98638 
98633 
98629 



98624 
98619 
98614 
98609 
98604 
98600 
98595 
98590 
98586 
98580 
98575 
98570 
98665 
98661 
98556 



98661 
98646 
98541 
98536 
98631 
98526 
98521 
98516 
98511 
17222198506 
17250 '98601 
1727998496 
17308,98491 
17336198486 



N.CS. I N.S. 



BU Dog. 



60 
59 
58 
57 
56 
55 
54 
53 
62 
51 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

U 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



»4 



TABLB OF NATUBAL 8INE8. 



10 Ulijr. 



N. a rN.cB. 



173G5 
17393 
1742*^ 
17451 
1T479 
1750S 
7537 



yiHi8 1 

9N476 
98471 
^^N466 
iJ840l 
0t+45ri 

17565 98445 
17:11*4198440 
7fi2:i984a3 
i7a5li9H4:J0 
i7fi'^0iyH435 
)7708ia84'2U i94*2S 
l77:j7|im4U 
17766084119 1 194)^1 
ri79 4J9?^4m' ! 95(19 

I7823|9>(:^1J!> 
17852 9>«:j>-l 
171:<BU 98:18 tl 
17909 9**:iH:i 
1793V t*8378 

98373 

9R36S 

9^362 

98357 



11 Deg 



IV, & 

lyioy 

19138 
19167 
19195 
19224 
19:^62 
19281 
I9:i09 

19366 
I939ri 



Rca 



17966 
17995 
J 8023 
I805i 



18081 
18109 
1S138 
lSlf>6 
18195 
18^34 



182S2 
i«2!!( 



98347 
98341 
98336 
98331 
98:325 

983201,19965 

983l5l!l99fJ4 

18309 98310' tj00S2 



1 1^."; 

J u ."►►)<: 
L9595 
19623 
19652 
196MU 
1970S* 
197H7 
19766 
1 9794 
19823 
19851 
19880 
1 9908 
1 9937 



981^3 
98157 

98146 
98140 
98135 
98129 
98lti4 
98ll5i 
9SU2 
98101 
98101 
9809B 
98090 
98084 
98079 
N ■h073 



20877 
209O5 
20933 
^20962 
[20990 



98061 
9S05*T 
98050 
98044 
980:i9 
9803:1 
98027 
98021 
9801^ 
9S010 
98004 
97998 
9799*^ 



8338198304' 20051 
lMilB7|98299 20079 
18395|98294|20108 
I84*i4 98288 20136 

!Fl453 982e3|.20l65 
1848ll98i:77.;20193 
18509198272 20222 
18538198267,20250 



12 L»B|X, 



13 Ueg. 



14 Utg. 



20791 y78 15 22495 
20820 97809' 22523 



20848 197803 



97797 
97791 
97784 



22552 
22580 



977781 2^:^^^io 'J^'^'jS 
97772! 3'Jflirj ^j;>iin 
^21019(97766: 22722;9738i 
21047^97760 22750 '97:j78 



97437 241 92I 97030 
97430 ,24220 9702:i 
97424 24249 97015 
97417 |24 277 97008 
226085974Ui 24305 9700i 
22n37 97401 '24333 yt>y94 
2 L^i[i2 9t>987 
24390 9R980 
24418 96973 
2444+i 9696f 



2 1076 
21)04 
21132 
21 16 1 
21189 
[21218 



21246 
21275 
21303 

2i:j3i 
21360 
21388 
21417 
21445 
21474 
21502 



97754 22778 
97 7 4Si 1 228 07 
97742] 22835 
97735 22863 
97739 !S2892 
97723 i22920 



9737 1 
07305 
97358 
97351 



2453 J 

24559 

9734 5! "24 58 7 



24474j96959 
96952 
96945 
96937 
969:10 



97:138' 124615 9092ii 
|24644 96916 



97331 



97987 
97981 
97975 
979691 



97717 22948 

97711 22977 [97325 24672 96909 
97705 23005 97318 24700 9ti90 
97698' !230:i3l973l 1 24728 9^894 
9761!2, 23062 1 y 7304-124756 '9G887 
97686 23090 97298 24784 96880 
97680 231 18197291 fl248l3;96873 
97673l'23l46|97284. 2484J i96866 
97667123175 97378 24869196858 
97661 23203 97271 

21 530] 97655! '2323 1 97264 

21559 97648 23260; 97257 



21587 
21616 
21644 



21672 
2)701 
21729 
21758 



I 



8567 98261 1 20279 
1 85951 98256^20307 
18624' 98250 29336 
18652,98245 29il64 



97963 '2 1786 
979581.21814 
97952 121843 
97946 121871 
97940 21899 
979 34| 21928 
97928 121956 
979221^21985 
97916 22013 
97910 2204 



97905! 



1868! 198240 20393 
1S710!9S2:H 2U42I 
18738198229 20450 
18767| 98223' 20478 
18795' 982 1 8' 20507 



n 85 1 

97 Hi 



18824 98212' 205:15 
18852 98207 20563 
18881 98201 20592 
18910 98 liJ6 2niVJ' 
18938,98190 20 
56 f 89671981 85' 2U 
fi7'!^^l5*5|'*8l79r2070G 
58 ]lH>vj'^Ml74 20734 
59 , 1 90 52 1 98 168 V 207 63 

\ 79 l>i' I' 7H IJe-T. 



22070 



97642 23288197251 
976:?6 23316.97244 
976:10,23345197237 
97230 



97623 
97617 
97611 



24897 196851 
24925 '968 44 
2495:rt 96fci37 
2498296829 
25010 90822 
25038 96815 



23373 

,23401 

|2M29 
97604 23458 
97598^3486 
97592 1 235 14 197 196 
97585 23542 97189 
97579, 2357 1 197182 
3599 97176 
:^f;27 97169 



25066 1 96 80 7 
97223' 25094^96800 



97217 
9721 
97203 



9757 3 
97566 
975 t^O 
97553 
97547 
97541 
97534 



23656 
23684 
23712 
23740 
23709 



97162 
97155 
97148 
97141 
97134 



M 

60 
9 

57 
56 

54 
53 
52 
51 
51) 
49 
4«j 
47 
46 
45 
44 
,43 
Uk 
4t 
40 
39 
38 
37 
36 
35 
34 
33 
32' 
31 
30 
29 
28 
27 
26 



;512296793 
2515l|96786 
,a6l79'96778 25 

252i)7 *Hi77]24 
|252:^r* ^!67'^l!i3 
12526 ■{ '.^67:">6i22 
35291 196749 1 2 
'25320 9674 
;35348| 967:14 
25376196727 
25404 96719 
25432196712 
254 irO! 96705 



J ^,20 
19 



97899 22098:97528 "2:1797: 97 1 27 25488-96697 
97893 22126 97521 23825 97L2<^ |255lG'9069O 
97887 22 1 55|97515 23853:97 1 13 25545:96682 
9788 1 ^:^2SS:ti9756M 23S82j97l06 |25573'96675 
97875 22JI2'li75oj 23910 97100 ,25601 '96667 
[17869,22240.97496 23938 97003 25629,96660 
978 63 ! ' 2 2208 9 748 9 . 239 66 97086 2 565 7 96653 
97857 22297 974^3123995 97079 35G85 96645 

97476 24023197072)25713 96638 

97470 



2:V25 

in<i^ 22382 97463 
97833 224 1 0(97457 
97827 224 3« [974 50 
9782 1 i224't7|97444 sigi 1 64|97037 



2405 1 197065 125741 96630 
2 4079 1 9 70 58 2 5 7 69 9 6623 
l24 [08197051 1,25798 96615 
24 136 1 97044 



N.a. N.f.m| ?i.!i. 



77 n^,. 



76 



25^26 96608 
S5854 9fi_600 



18 
17 
16 
15 
14 
12 
12 

n 

10 
9 
8 
7 
6 
5 
4 ' 
3 
2 
! 



7* '' 



A TABLB OF NATURAL SUfES. 



96 



N.6. 



M 

258S2 

1 25910 

2 25938 

3 25966 

4 25994 

5 26022 

6 26050 



16 De^. 



N.Cd. 



96593 
96585 
96578 
96570 
96562 
96555 
V <6uunu 96547 

7 26079 96540 

8 26107 96532 

9 2613*^96624 

10 26163 96617 

11 26 I'll 96509 

12 26M9 96502 

13 20247 96494 

14 ^6275 96486 
[5 2 6303 96479 

16 26331 9647] 

17 26369 96463 

18 26387 96456 

19 26415 96448 

20 26443 96440 

21 26471 96433 

22 26500 96425 

23 26528 96417 

24 26556 96410 

25 26584 96402 

26 26612 96394 

27 26640 96386 

28 26668 96379 

29 26696 96371 

30 26724 96363 

31 26752 96355 

32 26780 96347 

33 26808 96340 

34 26836 06332 

35 26864 96324 

36 26892 96316 

37 26920 96308 

38 26948 96301 

39 26976 96293 

40 27004 96285 
4127032 96277 

42 27060 96269 

43 27088 96261 

44 27116 96253 

45 27144 96246 

46 27172 96238 

47 27200 96230 

48 27228 96222 
49;27256 96214 
50|27284 96206 
51|27312 96198 
52 27340 96190 
53,27368 96182 
64i27396 96174 

55 27424 96166 

56 27452 96158 
67 1 27480 96150 
59 27508 96142 
59 27536 96134 
" N.C8 . N.S. 



I 74 Dpg. 



27564 
27592 
27620 
27648 
27676 
27704 
27731 
27759 
27787 
27815 
27843 
27871 
27899 
27927 
27955 
27983 



10 Ueg. 



N.S. 



28011 
28039 
28067 
28095 
28123 
28160 
28178 
28206 
28234 
28262 
28290 
28318 
28346 
28374 
28402 



28429 
28457 
28485 
28513 
28541 
28569 
28597 
28625 
28652 



28708 
28736 
28764 
28792 
28820 



28847 
28875 
28903 
28931 
28959 
28987 
29015 
29042 
29070 
29098 
29126 
29164 
29182 
29209 



N.CS. 



96126 

96118 

96110 

96102 

96094 

96086 

96078 

96070 

96062 

96054 

96046 

96037 

96029 

9602 

96013 

96006 

95997 

95989 

95981 

95972 

95964 

96956 

950iP 

K'>940 

95931 

95923 

95915 

95907 

95898 

95890 

96882 



95874 
95865 
95857 
95849 
95841 
95832 
95824 
96816 
96807 
95799 
95791 
95782 
96774 
96766 
95757 



96749 
95740 
95732 
95724 
95715 
95707 
96698 
95690 
96681 
95673 
96664 
95656 
95647 
96639 
N 8. 



N. eg. 
73 De?7 



1 7 Oeg. 



N.S. N.CS. 



29237 
29265 
29293 
29321 
29348 
29376 
29404 
29432 
29460 
29487 
29515 
29543 
29571 
29599 
29626 
29654 



29682 
29710 
29737 
29766 
29793 
29821 
29849 
29876 
29904 
29932 
29960 
29987 
30015 
30043 
30071 



30098 
30126 
30164 
30182 
30209 
30237 
30265 
30292 
30320 
30348 
30376 
30403 
3043-1 
30469 
30486 



30514 
30542 
30570 
30597 
30625 
30653 
30680 
30708 
30736 
30763 
30791 
30819 
30846 
30874 

N.cs: 



96630 
95622 
95613 
95605 
95596 
95688 
96679 
95571 
96562 
95554 
95545 
95536 
95628 
95519 
96511 
96502 



30902 
30929 
30967 
30986 
31012 
31040 
31068 
31096 
31123 
31161 
31178 
31206 
31233 
31261 
31289 
31316 



96493 
95485 
95476 
95467 
95459 
95450 
95441 
95433 
96424 
95415 
95407 
95398 
95389 
95380 
95372 



95363 
95354 
95345 
9.5337 
9532H 
95319 
95310 
95301 
96293 
95284 
95275 
96266 
95257 
95248 
95240 



95231 
95222 
95213 
95204 
95195 
95186 
96177 
95168 
95159 
95160 
95142 
95133 
|95124 
95116 
I N.S. 



I 72 Deff. 



13 Ueg. 



N.S. 



31344 
31372 
31399 
31427 
31464 
31482 
31610 
31537 
31565 
31593 
31620 
31648 
31675 
31703 
31730 



31768 
31786 
31813 
31841 
31868 
31896 
31923 
31951 
31979 
32006 
32034 
32061 
32089 
32116 
32144 



32171 
32199 
32227 
32254 
32282 
32309 
32337 
32364 



N.CS. 



95106 
96097 
95088 
95079 
95070 
95061 
96062 
95043 
95033 
96024 
95016 
95006 
94997 
94988 
94979 
94970 



94961 
94952 
94943 
94933 
94924 
94915 
94906 
94897 
94888 
94878 
94869 
94860 
94851 
94842 
94832 



94823 
94814 
94805 
94795 
94786 
94777 
94768 
94758 
94749 
94740 
94730 
94721 
94712 
94702 
94693 



94684 
94674 
94665 
94666 
94646 
94637 
94627 
94618 



32392 i94609 
32419194599 



32447 
32474 
32502 
32529 
N.cs: 



94')90 
94580 
94571 
94561 



N.I 



71 Drt^. 



19 Ueg. 



N.S. 



32657 
32584 
32612 
32639 
32667 
32694 
32722 
32749 
32777 
32804 
32832 
32859 
32887 
32914 
32942 
32969 
32997 
33024 
33051 
33079 
83106 
33134 
33161 
33189 
33216 
33244 
33271 
33298 
33326 
33353 
33381 



33408 
33436 
33463 
33490 
33518 
33545 
33573 
33600 
33627 
33656 
33682 
33710 
33737 
33764 
33792 



33819 
33846 



33901 



N CtT 
94552 
94542 
94533 
94523 
94514 
94504 
94495 
94485 
94476 
94466 
94467 
94447 
94438 
94428 
94418. 
9440^45 



60 
69 
58 
57 
56 
55 
64 
53 
52 
51 
50 
49 
48 
47 
46 



94399 
94390 
94380 
94370 
94361 
94351 
94342 
94332 
94322 
94313 
94303 
94293 
94284 
94274 
94264 



94264 
94246 
94235 
94226 
94215 
94206 
94196 
94186 
94176 
94167 
94157 
94147 
94137 
94127 
94118 



94108 
94098 



33874 94088 



94078 



33929 94068 
33956 94058 
33983 94049 
34011 94039 
34038 94029 
34065 94019 
34093 94009 
34120 93999 
34147193989 
3 4175 93979 
N.r8. N.8.", 

70 iJeVn 



43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

16 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

J 



96 



TABLE OF TIATURAL SINKS. 



24 D 



Hi t>eg. 21 Peg 



NJk N.C6. N.S. 
J42()2 
342:^9 
34257 
34284 
34311 
34339 
34366 
34393 
34421 
34448 
34475 
34503 
34530 
34557 
34584 
34612 



93809 
93799 

34694 93789 
93779 
9376D 
9375» 
93748 
93738 
93728 
93718 
93708 
93698 

34966 93688 



93358 
93348 
93337 
93327 
93316 
93306 
93295 
93285 
93274 
93264 
93253 
93243 
93232 
932221 
93211 
93201 



35456 
35484 
35511 
35638 
35666 
35592 
35619 
36647 
36674 
35701 
35728 
36756 



36271 
36298 
36326 
36352 
36379 
136406 
36434 
36461 
36488 
36615 
36542 
36669 
36696 
36623 
36650 



93503 
93493 
93483 
93472 
93462 
93452 
93441 
93431 
93420 
93410 
93400 
93389 



36782(93379 

35810 .93368 

N.C8.I N. 8." 

69 Dee. 



N.C8. 



93190 
93180 
93169 
93159 
93148 
93137 
93127 
93116 
93106 
93096 
93084 
93074 
93063 
93062 
93042 



93031 
93020 
93010 
92999 
92988 
92978 
92967 
92956 
92946 
92935 
929!M 
92913 
92902 
92892 
92881 



92870 
92859 
92849 
92888 
92827 
92816 
92806 
92794 
92784 
92773 
92762 
92761 
92740 
37434[92729 
N.C8.I N.&~ 
68 Deg. 



37461 
37488 
37616 
37542 
37669 
37696 
37622 
37649 
37676 
37703 
37730 
37757 
87784 
37811 
37838 
37866 



22 Deg. 



i 23 D eg. I 



N.S. 



92697 
92686 
92675 
92664 
92653 
92642 
92631 
92620 
92609 
92598 
92587 
92576 
92565 
92554 



37892 
37919 
37946 
37973 
37999 
38026 
38063 
38080 
38107 
38134 
38161 
38188 
38215 
38241 
38268 



38295 
38322 
38349 
38376 
38403 
38430 
38456 
38483 
38610 
38537 
38564 
38591 
38617 
38644 
38671 



38698 
38726 
38762 
38778 
38806 



38869 
38886 
38912 



38966 
38993 
39020 
39046 



N.C8 . 

92718 39073 
92707 39100 



N. 8. N. VS. I 



39127 
39163 
139180 
39207 
139234 
39260 
39287 
39314 
39341 
39367 
39394 
39421 
39448 
139474 



92060 
92039 
92028 
92016 
92005 
91994 
91982 
91971 
91959 
91948 
91936 
91925 
91914 
91902 
91891 
91879 



92643 
92632 
92521 
92510 
924991 
924881 
92477 
92466 
92465 
92444 
92432 
92421 
92410 
923991 
92388' 



139501 
139628 
,39555 
39681 
39608 
39635 
39661 
39688 
39715 
39741 
39768 
39795 
39822 
39848 
,39875 



92377 
92366 
92365 
92343 
92332 
92321 
92310 
92299 
92287 
92276 



92254 
92243 
92231 
92220 



39902 
39928 
39966 
39982 
140008 
40036 
40062 
40088 
40115 
40141 
40168 
40195 
40221 
40248 
40275 



92209 
92198 
92186 
92175 
92164 
92162 
92141 
92130 
92119 
92107 
92096 
92086 
92073 
92062 



N. C8. N. 8. 
67 Deg. 



40301 
40328 
40355 
40381 
40408 
40434 
40461 
40488 
40514 
40541 
40567 
40694 
40621 
40647 



«?. 



N.S. 



91868 
91856 
91845 
91833 
91822 
91810 
91799 
91787 
91775 
91764 
91762 
91741 
91729 
91718 
91706 



40674 
40700 
40727 
40763 
40780 
40806 
40833 
40860 
40886 
40918 
40939 
40966 
40992 
41019 
41045 
41072 
41098 
41125 
41161 
41178 
41204 
41231 
41257 
41284 
4131U 
41337 
41363 
41390 
41416 
41443 
41469 



91694 
91683 
91671 
91660 
91648 
91636 
91625 
91613 
91601 
91590 
91578 
91566 
91555 
91543 
91531 



91519 
91508 
91496 
91484 
91472 
91461 
91449 
91437 
91426 
91414 
91402 
91390 
9)378 
91366 



N.CS. N.S . 
66 Dejr. 



41496 
41622 
41549 
41576 
41602 
41628 
41665 
41681 
41707 
41734 
41760 
41787 
41813 
41840 
41866 



41892 
41919 
41945 
41972 
41998 
42024 
42051 
42077 
42104 



N.CS. 



91355 
91343 
91331 
91319 
91307 
91295 
91283 
91272 
91260 
91248 
91236 
91224 
91212 
91200 
91188 
9117 6 
91164 
91152 
91140 
91128 
91116 
91104 
91092 
91080 
91068 
91056 
91044 
91032 
91020 
01008 
90996 



90984 
90972 
90960 
90948 
90936 
90924 
90911 
90899 
90887 
90875 
90863 
90851 
90839 
90826 
90814 



90802 
90790 
90778 
90766 
90763 
90741 
90729 
90717 
90704 



42130 90692 



42166 
42183 
42209 
42236 



N. CS. 



90680 
90668 
90666 
90643 



N.a 



M 

69 
59 
58 
67 
56 
56 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
30 
38 
37 
36 
35 
34 
33 
82 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
J 
M 



65 Ueg. 



A TABLE OF MATVRAL SHIES. 



07 



25 Ue^. 



43263 
42*2>Jd 

43367 
42394 

42430 
42446 
43473 
42499 
43535 
435^2 
tf2rj78 
43604 
42 531 
42557 



90ti3l 
90518 
yOB(H) 
905^4 
1^5583 
9U569 
9055? 
!*0545 
[J 053 2 
y053t* 
»U507i 
9549iif 
90483; 
90470 
90458 
90446 



4S£583 
42701) 
43736 
437ri3 
42783 
43S15 
43S41 
42867 
42894 
43930 
42946 
4397*^ 
43999 
43035 
430o [ 



31 43577 B0246 
33 43104 9^*ti3;i 
33»4313^J 91J331 



90433 
90431 
90 J 08 
90390 
90383 
9U371 
90358 
95345' 
90334 
90321' 
90309 
90396 
903?(4 
90371 
90359 



34 



43155 



43i83 
43309 
43235 
43561 
433M7 
433 J 3 
43340 
4^365 
4314339*^ 

44 43418190082 

45 434 15 « 90070 



95:^08 

91M83 
95171 
90]QS 
95145 
95433 
9(M30 
95108 
95095 



46 43471 



43457 

43533 

43549 

43ri75 

43502 
53I 43528 
53-43654 
54 43 H 80 
55I437O6 
56143733 
57143759 
58I437H5 

M N. CS. , "nT sT 
64 D^ 



90057 
9504ri 
90033 
90019 
90007 
89994 
899 SI 
f!i9958 
89yfi6 
89943 
8 99 30 
8991^ 
^S9905 
8»aEl3 



43837 
43863 
43Sbi9 
43910 
4J943 
43968 
43994 
44020 
44046 
11572 

U i 34 
44151 
44177 
4430:^ 
44339 
44355 
44381 
44307 
44333 
44359 
44385 
M4] I 
14J3:, 

44495 
445 H^ 
14542 
44568 
44594 
4 4620 
44546 
44572 
44fi9H 
44124 
447511 
4477H 
44803 
44838 
44854 
44880 
4490r 
14933 
4495f* 
44984 
45510 



4503*1 
45562 
450^18 
45M4 
45140 
4516(^ 
45192 
45218 
45343 
15259 
45235 
45321 
45347 
tr,;l73 



8**y7yi 

89867 

89854 

85841 

89J438 

89816 

89803? 

89790; 

89777 

i"^ 9 76 4 1 

S975: 

>L9739 

89735 

897 13 

89705 

89687 



895U 

89561 

89649 

^49636 

89623 

4:M7 i 

Ht^;-i58 

sy545 

89532 

855 J 9 

895iJ5J 

89493' 

894Stli 

9M:7 

^1H5 I 

H 1 1 

M-H 

i4lO 

.?y452 

893^9 

89376 

!^()3n3 

89324 
89? I ; 
89398 



27 Uej^. 



N,S, 



45399 

45425 

4545 1 

45477 

45503 

45539 

45554 

45580 

45606 

45633 

45658 

45684 

45715 

45735 

457^12 

457^7 

458 ill 

45839 

45865 

4589 1 

45917 

45943 

l:]9^t^ 

4.'?1JLI4' 

4tiU3li,, 

40 545 1 

46073 

46097 

45123 

45149 

45175 



N. i:M. 



4520 1 
iH336 
46^52 
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